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PREPARATION AND INVESTIGATION OF THE PROPERTIES 
OF THE GALLIUM CHLORIDE — METHYLENE BLUE COMPLEX 


K. A. Bol'shakov, Yu. G. Eremin, and V. A. Bardin 


M. V. Lomonosov Institute of Fine Chemical Technology 

Translated from Izvestiya Akademil Nauk SSSR, Otdelenie Khimicheskikh Nauk, 
No, 6, pp. 945-950, June, 1961 

Original article submitted April 12,.1960 


Complexes of gallium chlorides with organic derivatives have been studied to a comparatively small extent, 
which may be partly due to their instability in aqueous solutions, Thus, for example, by pouring solutions of gallium 
chloride in anhydrous ethylenediamine into absolute methyl alcohol, compounds of gallium chloride with 1, 2 or 3 
molecules of ethylenediamine are obtained[1]. In water these compounds are unstable and on heating decompose 


with formation of gallium chloride, The ethylenediamine compounds of gallium are chelates and can exist as iso- 
meric forms, 


Products are obtained by interaction of gallium chloride with pyridine [2]; which contain 1 or 2 molecules of 
pytidine per molecule of gallium chloride, These compounds dissolve in water without appreciable hydrolysis, but 
the molecular conductivity rapidly increases with dilution, It is assumed [3] that compounds of gallium chloride 
with pyridine possess the following structure [((Cs;H;N)2GaCl,] + [GaCl,]” . With the aim of stabilizing monovalent 
gallium, coordination compounds of Ga{[GaCl,] and Ga{GaBr,] have been obtained [4] (empirical composition Gay X2L2 
where X = Cl, Br and L is a monodentate ligand), with anisole, dioxan, acetylacetone, benzoylacetone, diethylamine, 
aniline, etc, The resulting compounds were dimers and possessed the structure GaLy -GaX,". Authors explain the 
low stability of these gallium complexes as due to the affinity of the aromatic rings for electrons, 


The best known compound of gallium chloride with an organic dye is the compound with rhodamine B [5], 
which is employed in the colorimetric determination of gallium. Although used for other elements precipitation 
by basic organic dyestuffs has not been thoroughly studied in the case of gallium. 


In the present work a method for precipitating gallium chloride with the dye methylene blue is described and 
the results of investigation of some of the physical and chemical properties of the resultant complex are given, 


EXPERIMENTAL 


Precipitation of gallium with methylene blue dye took place under conditions when the gallium was present 
in solution as the complex anion GaCl,. Excess of chloride ion was necessary throughout the precipitation process, 
and therefore the dye solution used in the reaction must also contain an adequate amount of chloride ion, The pre- 
cipitate formed immediately on addition of the precipitant, but for a more complete separation of the gallium, 
stirring the reaction mixture for 1-1,.5 hr is recommended, Increasing the temperature had very little effect on the 


precipitation process but precipitation from solutions heated to 70-80° led to an improvement in the crystal structure 
of the precipitate, 


The resultant precipitate was filtered onto a Buchner funnel and washed several times with 6 N hydrochloric 
acid in order to remove possible excess dyestuff, After this the precipitated gallium—methylene blue complex was 
dried to constant weight by heating at 90-95° or under vacuum without heating, Simultaneously with removal of 
moisture, removal of excess hydrochloric acid occluded by the precipitate takes place, The compound, dried to 
constant weight, was subjected to chemical analysis to determine its composition, The gallium, chlorine and dye 
contents were determined, The analytical results are reported in Table 1, where for comparison calculated figures 
for the assumed composition of the complex are given in the first column, 


From Tabic 1, it is seen that the analytical results are in good agreement with the calculated figures, This 
leads to the conclusion that the empirical composition of the compound is the following: [CygHygNsSGaCl,]. 


| 


Determination of the molecular weight of the gallium chloride— methylene blue complex was carried out cryo- 
scopically in water, The resulting value for the depression of freezing point was found to be 6 times greater than the 
figure calculated on the assumption that there are no reactions in aqueous solution, Thus the expected depression was 
0,048, but the experimentally found figure was 0,288, If it is assumed that the compound dissociates into six ions 
(CygHygNgS*+Ga**+4C1"), then the molecular weight determined cryoscopically is in agreement with the calculated 
value, The calculated mole weight is 493,73; the experimentally found value is 495,98, 


TABLE 1 Measurement of the specific conductivity of aqueous solutions 
of the complex at different dilutions was carried out in a thermostat 
at 25°, The molecular conductivity was calculated at the same time. 


Assumed | Analyti- 


Component of Composi-| cal Re- The results showing the change in conductivity with dilution are given 
Compound tion % | sults % in Table 2, 

ditt, ie | sk 00 From Table 2 it is seen that there is a straight line relationship 

Chlorine 28,60 28,60 between the specific conductivity and the dilution, indicating com- 

Dye _ 57,32 57,40 plete dissociation of the compound in aqueous solution, 

including; 

Carbon 38,75 38,82 


The change in the molecular conductivity shows that on eight- 
ae my aa 355 fold dilution it attains the value of 624 corresponding to the presence 
of six ions in solution (according to Werner's empirical rule) [6]. Con- 
sequently the postulated formation of six ions in aqueous solution appears 
correct and the experimentally obtained value for the molecular weight 
of the compound confirms the correctness of the empirical formula of 
the complexes. 


TABLE 2 


Concen- 
Dilu- | tration 


tion 


Specific | Molecular 


Investigation of the behavior of the compound in various solvents 
was carried out in a thermostat at 25°, Samples of the liquid and solid 


1:1 phases were withdrawn after five and ten days from the date of charging 
: . 2 oODies 544 the vessel, The agreement of the analytical results showed that equili- 
1:8 0, 000786 624 brium is already reached after five days, The phases were analyzed 
for gallium, chlorine and dyestuff, The analytical data are given in 
Table 3, 


The data of Table 3 indicate that insignificant solution of the compound occurs in ethyl alcohol, 6 N hydro- 
chloric acid solution, and 5 N sulfuric acid saturated with sodium chloride, In the rest of the solvents the complex 
is destroyed since the percentage proportions of the elements of the compound in the solid and liquid phases do not 


correspond to the stoichiometric composition of the compound in the solid state (gallium 14,06; chlorine 28,6; dye 
57,32), 


The minimum solubility of the compound occurs in 6 N hydrochloric acid and in 5 N sulfuric acid saturated 
with sodium chloride. According to the decrease in acidity the compound is decomposed with predominant transfer 
of gallium into the liquid phase, while the amount of the dye passing into solution remains at around 5-6%, Maxi- 
mum extraction of gallium into the liquid phase is observed for water, The amount of gallium passing into the aqueous 
solution is 91.5% and for the dyestuff is 1.15%, It may be assumed that in a saturated aqueous solution of the gallium— 


methylene blue compound hydrolytic decomposition of the compound occurs with partial replacement of the GaCl,~ 
anion in the dyestuff molecule with C1“ or OH™ ions, 


At the same time the solubility of pure dye in certain solvents was studied, The results are given in Table 4, 


In order to be satisfied that in solution (liquid phases) formation of new complexes does not occur, measure- 
ment was made of the light absorption of solutions of the pure dye and its compound with gallium on the SF-4 spec- 
trophotometer, The light absorption curves possess maxima at the same wavelength corresponding to the maximum 
for the light absorption of the pure dye, Consequently the complex compound [CygH,gNsSGaCl,] on solution in water, 
methyl alcohol, and acetone is dissociated and no additional complex formation occurs, 


Study of the behavior of the complex compound in saturated solutions showed the instability of this compound 
in the presence of OH ions, On determination of the pH of aqueous solutions of the compound at 20° in relation to 
the dilution, an increase of the pH value and appreciable increase of the degree of hydrolysis (Table 5) are detected, 


878 


Increase of the degree of hydrolysis with dilution shows that 
the compound is hydrolyzed rather extensively and at very low con- 
centrations of the complex and large concentrations of OH™ ions 
the degree of hydrolysis is close to unity i,e,, the compound is com- 
pletely hydrolyzed, 


Comparison of the hydrolysis results with the values of the 
molecular conductivity in relation to the dilution (cf, Table 2) 
suggests the following mechanism of stepwise hydrolysis 

HOH 
[RGaCi,] —— [RGa(OH)Cl;]-+-Cl- 


HOH 
[RGa(OH)Cl,] [RGa(OH),Cl.]--Cl- 


| Remaining precipitate, 


HOH 
{RGa(OH).Cl,] 


HOH 
[RGa(OH)s3C1] [RGa(OH),]-+-Cl- 
NNN et NO 
{[RGa(OH),] -—--> ROH-+Ga(OH), 


Solid Phase 


[RGaCl] -—-—- R+4+Gat?+-4Cl-, 
19 19 19 CO CO 


where R is the dyestuff cation [CygH,gN3S]*. 


Composition, % 


The concentration of gallium in very dilute solutions does 
not reach the value of the solubility product of gallium hydroxide 
and separation of a precipitate does not occur, 


Potentiometric titrations of an aqueous solution of the com- 
plex and of the original gallium chloride and dyestuff solutions 
were carried out with use of a glass electrode, and the pH values 
during titration were measured on a LP-5 potentiometer, The titra- 
tion was carried out with 0,1 N NaOH solution, The titration curves 
are given in Fig, 1, 


The titration curve 1 for the dye solution showed that the 
rapid rise in the curve corresponded to addition of one equivalent 
of NaOH, after which a constant pH value is maintained, not de- 
pending on the amount of alkali added, This is explained by the 
fact that after neutralization of the chloride ion associated with 
the dye a compound is formed which is stable over a wide range 

Rie of pH. With a 15-20% alkalinity of the solution substitution of 

O SOUS one of the N(CH), groups by an OH™ group occurs and the dye 
separates in the precipitate with complete decolorization of the 
solution, During titration of gallium chloride solution (curve 3) 
separation of gallium hydroxide is initially observed at pH 3 and 
complete solution of the hydroxide occurs at pH 11,7, 


3 

x 


Liquid Phase 


The results of the titration of a solution of the complex (curve 
2) are significantly different from the results obtained for the two 
primary solutions, Addition of alkali up to two equivalents does 
not cause a sharp change in the titration curve and only on adding 
a third equivalent (pH 3,69) does a sharp change begin to show, 
caused by the onset of formation of gallium hydroxide, The sharp 
rise of the curve is continued until pH 12 is reached, corresponding 
to completion of the solution of gallium hydroxide and the rest of 
the curve runs parallel to the ordinate axis, = 


saturated NaCl 


Acetone 

Benzene 

5N HeSO,, 
(3,35 N Cl) 


Change in the pH with initial formation of hydroxide, from 
3 to 3,69, indicates the presence of gallium bonded with the dye 


Q 
NN 
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j 
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— NN 
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molecule for the decomposition of which an additional quantity of alkali is required compared with a solution of 
pure gallium chloride, Consumption of two equivalents of alkali is required to displace two chlorine atoms from 

the saturated coordination sphere, and addition of a third equivalent of NaOH leads to formation of Ga(OH)s which 
at the appropriate gallium concentration separates out as a precipitate[ cf, equations (1), (2), and (3)). 


TABLE 4 


TABLE 5 


Solvent 


Dilution 


Degree of hydro- 
1M 


lysis 
Water 

Methyl alcohol 
Ethyl alcohol 
Dimethylformamid 
Acetone 

Benzene 
Tetrachloromethan 


pH of solution 


0 


10 20 


Quantity of NaOH,ml 
Fig. 1. Potentiometric titration curves of - 
1) methylene blue dye solution; 2) gallium Minutes 
chloride — methylene blue complex solution; 


Fig. 2, Thermogram of the gallium 
3) gallium chloride solution, 


chloride— methylene blue complex. 


TABLE 6 


Composition in % after drying at°C 


Original 
Element Cormiposi - 300 
tion % 
Carbon 38,82 38 ,82 38,82 39,45 41,45 
Nitrogen 8,55 8,55 8,55 6,05 4,83 
oe 3,41 3,41 3,41 2,84 4,64 
lorine 28,60 28,60 28,60 29,98 23,00: 


The melting point of the gallium chloride— methylene blue complex is 208 + 2° determined on the “block,” 
A thermogram of the substance taken on the Kurnakov pyrometer, showed that after reaching 208° a large exothermic 
effect is observed which indicates that soon after melting the compound burns with a large liberation of heat, 


For a more accurate determination of the temperature limits of the existence of the complex, experiments 
were carried out on the compound dried to constant weight at various temperatures, On attainment of constant weight 


the substance was subjected to analysis with the object of establishing the loss during drying. The analytical results 
are given in Table 6, 


. — Solubility g in 100 g 

0.280 
0.325 
0,552 

0.840 

10 
! 
| | 
2 i 
25 
= 
880 


Experiments to determine the thermal stability of the compound indicate that on heating to 200° the composi- 
tion of the complex is not changed, On heating above 200° gradual decomposition of the complex occurs, Thus, at 
230° nitrogen and hydrogen are eliminated from the organic part of the complex, whereby the carbon and chlorine 
content increases, At 300° together with nitrogen and hydrogen, chlorine begins to be eliminated, At a temperature 
of 500° decomposition of the complex has ended since further increase of the temperature to 800, 900 and 1000° is 
not reflected in the weight of the heated substance, Analysis of the substance calcined at 500° and above showed 
that it consists of 100% gallium oxide, the gallium having been quantitatively converted to the oxide. 


It may be assumed that up to 500° reduction of the gallium to the metal occurs owing to the carbon, formed 
during decomposition of the organic part of the molecule, The metal oxidizes to form the oxide. Elimination of 
chlorine occurs, without effecting the gallium and sublimation of gallium as the chloride during calcination does 


not occur, 
SUMMARY 


1, A new compound of gallium chloride with the dye methylene blue of composition [CygH,gNsSGaCl], was 
synthesized, 


2, The behavior of the compound in different media was studied, 


3. The thermal stability of the compound was determined, 
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THE FORMATION OF MAGNESIUM HYDROXIDE 


A. I. Ul*yanov 


N. S, Kurnakov Institute of General and Inorganic Chemistry, Academy of Sciences 
of the USSR 

Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, 
No. 6, pp. 951-958, June, 1961 

Original article submitted April 23, 1960 


The formation of hydroxides of the group II elements (the beryllium subgroup), particularly magnesium, has 
not been,so far,examined thoroughly enough, It was therefore of a considerable theoretical and practical interest to 
elucidate the mechanism of the formation of magnesium hydroxide and compare it with the formation of other hydrox- 
ides, particularly the hydroxides of other beryllium subgroup elements, Using physicochemical analytical methods 

we investigated systems of the type MgA, + NaOH + HO, where A = Cl”, NO;", $so;°. 


EXPERIMENTAL 


The initial concentration of the magnesium salt (chloride, nitrate, or sulfate) was either 0,02 or 0,10 M in all 
of our mixtures, thus covering the concentration range most frequently encountered in chemical problems, The 

MgSO, + NaOH + HO system was also studied by using solutions in which the MgSO, concentrations were 0.6, 0.8, 
and 0.9M, The initial NaOH concentration was increased in successive experiments, The equilibrium was attained 


by stirring the mixtures for 5 hr (with an electric stirrer) in 50 ml graduated cylinders (with a water seal) placed in 
a thermostat at a temperature of 25 + 0,1°C, 


After 24 hr we determined the volume of solid precipitated by reading the column height off the cylinder, Sub- 


sequently the liquid phase was separated from the solid by filtering the mixture through a double filter ("blue ribbon" 
brand), 


Analysis of the liquid phase, At first one aliquot was analyzed qualitatively for Mg** by means of quinalizarin 
(theoretically free ions are expected until n = NaOH: MgA, = 2)* and for OH™ by using phenolphtalein (when n> 2), 


Using 25 ml aliquots we determined the Mg** concentration by means of trilone-B[1] and the OH™ by titration with 
0.1 N hydrochloric acid to a methyl orange end-point. 


Analysis of the solid phase, The filter paper with the solid was placed on a suction funnel and washed with 
acetone to remove traces of MgCl, or Mg(NO3)2 and NaOH, or with an acetone—water (1: 1) mixture to remove 
MgSO, After that a weighed portion of the solid was dissolved* * in an excess of 0,1 N hydrochloric acid in a 
beaker; the solution was then transferred to a 100 ml volumetric flask and made up to volume with water, One 
aliquot of the resulting solution (40 ml) was back-titrated with sodium hydroxide to determine the excess: acid; 
another equivalent aliquot was neutralized with a base of known concentration (without using any indicator) and 
the Mg** concentration was determined by titration with a trilone-B solution, It should be noted that precipitates 
obtained when Mg** is in excess (n S 2) dissolve readily in boiling acid, But precipitates obtained when OH” is 
in excess (n > 2) seem more dense and cannot be dissolved as readily in acids, 


After analyzing the liquid phase we calculated the composition of the precipitate (the OH™ : Mgt* tatio) from 
the difference between the initial amounts of components and the amounts found in the liquid, On the other hand 
analysis of the solid gave us directly the amount of OH™ and Mg++, In neither case was the amount of water of hy- 


dration retained in the solid determined, The pH of the liquid phase aliquots was determined potentiometrically on 
an LP-5 instrument using calomel and glass electrodes, 


We used both the indirect determination of precipitate volume proposed by Tananaev [2] and our own method 
[3], in which after 5 hr of equilibration the mixture is left standing and the precipitate volume measured after 24 hr, 


From now on we will use the letter n to denote the initial NaOH: MgAg ratio, 
** If the amount of precipitate was small the entire solid was dissolved directly on the filter paper right after washing. 


In Tananaev's work the mixtures were placed in 25 ml test tubes and shaken by hand for 20 min; the precipitate vol- 
ume was measured after the system was left standing for time intervals of 1, 24, and 48 hr. Both the mixing and the 
volume determination were done at room temperature (20°), Finally, as in all of our other measurements, we con- 

structed a diagram with the precipitate volume given on the ordinate and n on the abcissa, 


EXPERIMENTAL 


The results obtained from the liquid -phase analysis of the 
systems: MgCl, + NaOH + H,O, Mg(NO3), + NaOH + H,O, and 
MgSO, + NaOH + H,0 are presented in Tables 1-3 and Fig, 1. 
The precipitation curve in Fig. 1 shows that precipitation occurs 
at all values of n from 0,2 to 5,0, since the solubility of Mg(OH)2 
in water is 1-10-*M, One can also see that we get a straight line 
instead of a curve in this case, This last observation indicates 
that: 1) the precipitation follows the predicted course; 2) the proc- 
ess is independent of excess Mg++ or OH™ fons in solution, and 3) 
Mg(OH)2, MgAg, and NaOH do not form solid solutions or any 
basic or complex salts, 


% Mg++ precipitated 
molar volume of Mg(OH)2,m1 


Since introduction of neutral NaF does not increase the al- 
kalinity of the liquid phase,* one may conclude that no soluble 
basic salts are formed either,- The data presented in Tables 1-3 
show that there is no significant coprecipitation of NaOH with 
Mg(OH), until n = 2 is attained, 


Fig. 1. Reaction between the components of 
the system MgA, + NaOH + H,O (from liquid 


phase analysis): 1) initial MgA» concentration Our data clearly indicate that magnesium can be deter- 
0,02-0.1 M. Change in the molar volume of mined analytically by adding sodium hydroxide to precipitate 
the Mg(OH), precipitate in the systems: 2) magnesium hydroxide and back-titrating the excess base in the 


MgCl, + NaOH + H20; 3) Mg(NOs)2 + NaOH + filtrate; a hydroxide concentration can likewise be determined 
+ H,O; 4) MgSO, + NaOH + H20, The initial by titrating an excess of one of our magnesium salts, In order to 
concentrations of the magnesium salts were avoid errors caused by the solubility of Mg(OH),2 in water when 
0.10, 0,02, and 0,10 M respectively, one determines magnesium gravimetrically (by forming Mg(OH)>» 
and converting it by heating to MgO) it is customary to wash the 
filtrate with acetone instead of water, In a volumetric determination of magnesium after Mg(OH), is precipitated 
in a volumetric flask aliquots of the filtrate (coprecipitate) are used for analysis, While one can safely forget about 
the application of the discussed method to the determination of alkalinity the analytical aspects of the simple mag- 
nesium determination discussed above deserve more attention since the currently used gravimetric (pyrophosphate) 
and volumetric (a variation of the hydroxyquinoline method) methods are quite involved, Successful, though un- 
fortunately neglected, magnesium determinations based on the precipitation by excess alkali have been reported by 
other workers [4, 5] and tend to support our data, We would like to point out that in addition to Mg(OH), (precipi- 
tated from solutions of chloride, sulfate, and nitrate) other hydroxides can also be precipitated without carrying along 


any excess hydroxide ion; silver [6] and zinc [7] from solutions of their nitrates and cadmium [8] from a solution of 
its sulfate have been thus precipitated, 


The solid-phase analytical data presented in Table 4 are in complete agreement with the corresponding liquid- 
phase data, The solid-phase data from the investigated systems show that washing with acetone will remove any ex- 
cess of magnesium salt or sodium hydroxide entirely. 


The data obtained from the pH determination are presented in Tables 1-3 and plotted in Figs, 2-4, The figures 
show that the pH curves for our systems resemble potentiometric titration curves and the inflection point at n = 2 cor- 
responds to the complete precipitation of magnesium in the form of Mg(OH)2. The pH curves also confirm the fact 
that no other intermediate complexes are formed in our systems, We should note that Mg(OH), is completely pre- 


cipitated at pH = 10,9-11,0 [9] and the solubility of Mg(OH), = 1-10™* M. Consequently it is obvious that magnesium 
can be titrated potentiometrically with sodium hydroxide, 


* If a réaction such as Mg(OH)Cl + 2NaF =MgF2 + NaOH + NaCl took place the phenolphthalein would tum red, 
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5.0 mmoles/50 ml of investigated solution) 


Liquid phase analysis |Ppt. volume (m1) with time (hr) ; 


Pptd. , moles 

Mgt 

0,2 10,00 4,00 
0,6 30,00 14,75 
0,8 | 40,00 19,73 
1,0 50,00 25,27 
1,4 70,01 35,00. 
1,8 90,20 44,00 
1,9 95,00 A7,00 
2,0 | 100,00 50,00 
2,14 | 102,00 50,00 
100,00 50,00 
102,55 50,00 
101,66 50,00 
2,8 101,28 50,00 
3,0 | 102,50 50,00 
4,0 | 100,53 50,00 
5,0 102,26 50,00 


H ;Mg* 
-—-~.-—|in the ppt 


2,04 


Iv iv 


> 


24 


3,4 Suspensio 
9,4 » 
12,0 » 
14,4 » 
18,4 234 


20,8 Suspensio 
18,2 | 24,80 
16,6] 24,60 
16,2 | 24,70 
15,0 Buspensio 
16.3 | 24,10 


S8ss 


TABLE 1, Liquid-Phase Analytical Data for the System MgCl,+ NaOH + H,O, the 
Effective Volume of the Precipitate, and the pH, (The initial [MgCl] = 0.1 M, or 


TABLE 2, Liquid-Phase Analytical Data for the System Mg(NO3), + NaOH + H2O, 


the Effective Volume of the Precipitate, and the pH. (The initial [Mg(NO3) 9] = 


 OH- | 


2,00 

6,00 

8,00 
10,01 
14,02 
17,93 
19,09 
20,00 
19,82 
20,00 
20,49 
19,94 
20,36 
20,45 
21,21 


OO O 


2 
2 
2 
2 
2 
3 
4 
5 


them even in hot acids, 


= 0,02 M, or 1,0 mmole/50 ml of investigated solution) 


1,0 | Colloid 
259 1,40 
3,7 |Colloid 


» 
6,0 | 19,00 
7,2 | 19,70 
7,8 | 19,70 
9,0 | 419,60 
6,51 24,10 
7,0 | 20,20 
6,7 22,60 
6,5 | 21,00 
6,2] 24,20 
6,0 | 214,10 
6,5 | 16,40 


The experimental results from the effective precipitate volume determinations for the systems: MgCl, + NaOH + 
+ H2,O, Mg(NO3)2 + NaOH + H2O, and-MgSO, + NaOH + H,0 are also presented in Tables 1-3, and plotted in Figs, 2- 
4, The leftmost column under the heading “precipitate volume” (Tables 1-3) gives the volumes of the.precipitates 
determined by our method [3] after a time interval of 24 hr in experiments where both the liquid and the solid phase 
of equilibrated systems were analyzed; immediately to the right of this column, precipitate volume determined after 
1, 24, and 48 hr of standing (the Tananaev method [2]) are given, Tables 1-3 show the settling (aging) kinetics of 

the Mg(OH), precipitates in our system, One can see that there is very little difference between the precipitate vol- 
umes determined after 24 and 48 hr, indicating that the settling of Mg(OH), is practically complete within 24 hr, 

This is also confirmed by the fact that in analyzing solids aged for more than 24 hr it is very difficult to dissolve 


The maximum observed on the precipitate volume curves at n = 2 corresponds to the composition of magnesium 
hydroxide, The slight descrepancy between the curves based on data obtained in experiments using Tananaev's method 


tk | 
2,04 1,30 7,67 
2,03 3,70 7,93 
2,03 4,25 8,00 
1,98 5,30 8,10: 
4 2,00 4,47 8,15 
2,05 | 22,0] 24,9 | 6,93 8,17 
2,02 | 24,0] 24,6 6,47 8,55 
2,00 | 26.3 | 24:8 | 7.54 10,87 
19,3 24.75 | 5,54 41,20 
by 18,8 24,75 6,16 11,40 
5,80 11,75 
6,20 11,90 
5.63 12,03 
. 5,53 42,10 : 
6,25 12,12 
9,20 
: Liquid phase analysis Ppt. volume (m1) with time (hr) 
jn the ppt 
| | 
1,00 2,00 0,45 | 0,50 8,35 
3,00 | 2°00 1,50] 1,60 8,60 
3,94 | 2,03 2/00 | 2,40 8,70 
9,12 1,96 2,40! 2,70 8,77 
6,94 2,02 3,201 3,% 8,90 
8,69 | 2,06 3,70 | 4,40 9,07 
9,36 2,04 3,85 | 4,80 9,14 
10,00 2,00 3,90 | 4,30 9,46 
10,00 1,98 3,45 | 4,70 10,85 
10,00 2,00 3,35 | 4,80 41,31 
10,00 2,05 3,40 | 4,60 11,67 
10,00 | 1,99 3,00 | 4,45 44,87 
10,00 2,04 3,10 | 4,20 11,93 
10,00 2,05 3,00} 4,10 12,08 
4 10,00 2,20] 4,00 
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and those we get by our method can be attributed to the fact that in our case precipitate volumes in systems at equili- 
brium were determined while in the other method we are dealing with nonequilibrated systems, Other factors contri- 
buting to this descrepancy are the differences between the wall areas and diameters of the measuring vessels and the 
different ways in which the components were added to each other, 


TABLE 3, Liquid-Phase Analytical Data for the System MgSO, + NaOH + H,0O, the 
Effective Volume of the Precipitate, and the pH. (The initial [MgSQ,] = 0,1 M, or 
5.0 mmoles/50 ml of investigated solution) 


Liquid phase analysis Ppt. volume (ml) with time (hr)) 


Pptd. ,moles: 104 OH; Mg* pH 


0,2 | 140,00 5,00 2,00 | 6,0 Buspensiog 0,95 | 0,80 8,45 
0,4 | 19,99 9,79 a 8,50 
0,6 | 30,00 | 45,00 2,00 | 9,6] 17,50 | 2,24] 4,90 8,60 
0,8 | 40.00 | 19,87 2,01 | 11,8] 49,60 | 2,90] 2,49 8,75 
1,0 | 50,00 | 24,73 2,02 | 14,0] 23,20 | 3,60] 3,20 8,87 
1,4 | 70,00 | 35,00 2,00 | 47,2 | 24,70 | 4,60] 4,15 9,06 
4,6 | 80,00 | 40,26 1,99 }18,2] — 9,25 
1,8 | 90,00 | 45,24 1,99 | 21,0] 25,00 | 6,90] 6,00 9,35 
1,9 | 95,00 | 47,61 | °2,00 | 22,0] 25,00 | 7,10] 5,75 9,40 
2,0 | 100,00 | 50, 2,00 | 24,0] 25,00 | 5,20] 4,90 
2,1 | 100,31 | 50,00 2,01 | 11,5] 25,00 | 4,70] 4,70 
2,2 | 101,50 | 50,00 2,03 | 10,1 | 24,90 | 4,90] 5,30 
2,5 | 101,64 | 50,00 2,03 | 40,6] 24,85 | 4,90] 5,30 
2,8 | 101,60 | 50,00 2,03 | 11,0] 24,95 | 5,23] 5,35 
3,0 | 101,24 | 50,00 2,02 | 11,0] 24,95 | 5,33] 5,40 
4,0 | 105,42 | 50,00 244 )44,0) — 
5,0 | 105,87 | 50,00 2,12 | 44,2) — 


TABLE 4, Solid-Phase Analytical Data, (Initial Mg(NOs)2 and MgSO, concentrations 
were 0,1 M) 


The system Mg(NOs)g+NaOH+H,0 The system MgSO,+NaOH+H,0 


Found,moles: 104 MG* Found,moles: 10* 


in the ppt n — ———— |in the ppt 4 
OH- | Mg?+ OH-- | Mg?+ 


0,2 3,95 | 1,90 2,08 0,4 6,76 3,33 2,04 
0,6 8,69 | 4,31 2,02 0,8 10,33 5,24 4,97 
0,8 40,47 | 5,07 2,06 1,0 21:76 | 10,64 2,05 
1,0 5,26 | 2,76 1,91 1,6 12,00 6,00 2,00 
1,4 6,98 | 3,68 1,90 1,8 19,22 9,53 2,02 
1,8 83 | 4,30 2,05 1,9 49,60 9,89 1,98 
1,9 9,34 | 4,52 2,07 2,0 37,00 | 18,47 200 
2,0 9,19 | 4,67 1,97 2\4 23,01 | 411,56 199 
2,4 13,69 | 6,94 1,98 2.5 13,02 6,55 199 
2,2 14,70 | 7,64 1,93 3,0 12,78 6,32 202 
2,5 9,44 | 4,60 2,05 ; 
2,8 7,44 | 3,62 2,06 

3,0 9,46 | 4,73 2,00 

4,0 12,34 | 5,93 2,08 


The molar volume measurements (see Fig, 1)* show that the looseness of the Mg(OH)2 precipitate is propor- 
tional to the concentration of excess Mg** in the supernatant liquid, f.e., as n increases the Mg(OH), precipitate 
gradually becomes more compact until n = 1,8 is reached, Only in the range n = 1,8-2,0 does the density of Mg(OH)2 


* We did not bother to reproduce the figures showing the changes in the molar volumes of Mg(OH)2 precipitates ob- 
tained in the other systems investigated by us due to their similarity with Fig. 1. If necessary these curves can be 


readily reproduced by plotting the tabulated volume data. The molar volumes of Mg(OH), precipitates were cal- 
culated from data obtained in the described manner, 


slightly decline, But in the range n = 2,0-2,2 the density of the Mg(OH),2 precipitate sharply increases under the in- 
fluence of the OH™ fons, — 


The minima observed on the precipitate volume curves at n = 1,8 and n = 2,2 and the maxima at n = 2,3-2,8 
do not correspond to any definite chemical compounds (as has been shown by three different experimental methods) 
but can be attributed to the effects of various magnesium and hydroxide.concentrations on the degree of dispersion 
of the Mg(OH), precipitate. For example, as one approaches n = 2,2 the density of Mg(OH), precipitate sharply in- 
creases under the influence of excess OH”, then some loosening occurs (apparently as a result of a parital peptization 
brought about by increased concentration of alkali), and finally the density rises again attaining a maximum in the 


range n = 2,3-2,8; subsequently there is practically no change in the density of the Mg(OH), precipitate as n increases 
from 2,8 to 5,0, 


Ppt. volume, ml. 


Ppt. volume, mi. 


Fig, 2. Fig. 3, 


Fig, 2, Changes in the pH (1) and precipitate volume; 2) determined by 
the Tananaev method; 3) by our method, in the system MgCl, + NaOH + 
+ H,O, The initial [MgCl,] = 0,02 M, 


Fig. 3. Changes in the pH (1) and the precipitate volume; 2) determined 
by the Tananaev method; 3) by our method, in the system Mg(NOs)2 + 
+ NaOH + H,O, The initial [Mg(NO3)2] = 0.1 M. 


The Mg(OH), has the least molar volume in the range n = 2,0-2,2 and 3,0-5,0, Hence from the observed 
changes in the precipitate volume one can determine at what n Mg(OH), precipitate occupies least space (is most 
compact) which may be of some technological value and of use in analytical chemistry, As a rule most hydroxides 
do not precipitate as simple hydroxides, For example, when the hydroxides of the beryllium subgroup elements: 


beryllium [2, 10], zinc [7, 11], cadmium [7, 8], and mercury [7] are precipitated from chloride or sulfate solutions 
they all pass through a basic salt stage. 


The experimental data obtained by various methods indicate that in the systems: MgCl, + NaOH + H2O, 
Mg(NO3)2 + NaOH + H,O, and MgSO, + NaOH + H,O, in the magnesium salt concentration range from 0,02-0.10M, 
regardless of which salt is used the hydroxide is formed by the same “ideal” mechanism (one which rigorougly agrees 
with the calculated data), and that at all values of n only one compound [Mg(OH)9] is formed in all the investigated 
systems, The precipitation of the hydroxide of a metal such as magnesium according to the “ideal” mechanism when 
aqueous alkali react with three different salts of the same metal (chloride, nitrate, and sulfate in this instance) rep- 
resents.a unique case, Up till now only three hydroxides have been known to precipitate by the "ideal" mechanism, 
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Ppt. volume, ml. 


= 


Fig. 4, Changes in the pH (1) and precipi- 
tate volume; 2) determined by Tananaev's 
method; 3) by our method in the system 
MgSO, + NaOH + H20, The initial [MgSO,] = 
= 0,02 M, 


were found, 


use in analytical chemistry. 


khim, 7, No, 4, 609 (1934), 


357, 361. 


those of: zilver [6], zinc [7], and divalent nickel [12], though only from one kind of salt (nitrate) and at concentra- 
tions smaller than 0,025, 0.1, and 0,01 M respectively, But if the Ni(NO,)2 concentration exceeds 0,01 M the pre- 
cipitation of the hydroxide does not follow the “ideal” mechanism [12], Thus the “ideal” precipitation of hydroxides 
has an upper (or maximum) salt concentration limit above which the precipitation proceeds nonideally, 
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Weakly amphoteric hydroxides, such as zirconium [16] and 
titanium [3] hydroxides, in addition to forming basic salts absorb 
large amounts of alkali greatly in excess of the amounts absorbed 
by distinctly basic salts, Whenever a hydroxide is distinctly am- 
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It should be noted that up till now the mechanism and kine- 
tics of metal hydroxide precipitation (aging) were investigated 


simultaneously by just one method, namely by measuring the apparent precipitate volume, It is obvious that a full 
understanding of the hydroxide precipitation reactions will eventually be achieved, but only after the reaction mech- 
anism and kinetics have been examined by other physicochemical methods, 


SUMMARY 


1, The system MgA, + NaOH + H2O (25°), where A = Cl", NO; , or }S0O4”, have been examined by means 
of liquid and solid phase analysis, by the determination of the apparent precipitate volume, and by following pH 
changes, The only product formed in these systems was magnesium hydroxide; no basic or other type complexes 


2, Magnesium hydroxide precipitated in solutions where the initial ratio of NaOH: MgA, = 4, is not exceeded, 
does not carry along any excess hydroxide ion, and therefore magnesium can be determined quantitatively (gravi- 
metrically, volumetrically, and potentiometrically) by a precipitation in excess alkali, 


3. From the measurements of precipitate volume in the investigated systems one can decide on the optimum 
conditions for producing the most compact magnesium hydroxide which may be of some technological value and of 
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The hydroxides of tetravalent elements, Ti, Zr“*, Hf*, and Th* possess an unusual property in that they 
yield specific easily made compounds when they react with hydrogen peroxide, One lanthanide, cerium in the tetra- 
valent state, also undergoes this reaction, The peroxides of cerium resemble in their chemical properties the corres- 
ponding derivatives of the titanium subgroup elements, 


Several methods of preparing the peroxides of titanium, zirconium, and cerium are discussed in the literature. 
The peroxides can be prepared by: 


1, Treating Ti, Zr“*, and Ce* salts with solutions of ammonia and hydrogen peroxide [1-6]. On the basis 
of Colvert's work, where it was shown that hydrogen peroxide acts as a monobasic acid H(OOH), Pisarzhevskii pro- 
posed the following mechanism for the reaction: 
Me(NO;), + 4H(O2H) = Me(OOH), + 4HNO, 
The hydroperoxide Me(OOH), formed in this reaction {is a salt of a weak acid and hydrolyzes as shown below, 


Me(OOH), + 3H,O = Me(OOH\(OH); + 3H,0, 
to give a hydroperoxide of the composition Me(OOH)(OH)s. 

2, The reaction of Ti*, Zr“*, and Ce“* hydroxides with hydrogen peroxide [5-7]. Pisarzhevskii represented 
the reaction by the equation 


Me(OH), + H202 = Me(OOH)(OH), + H,0 


3. The action of sodium hypochlorite on hydrated oxides (of zirconium, et al.) [6] as shown below, 


Me(OH), + NaOCl = Me(OOH\OH), + NaCl 


4, Peroxides of cerium can also be made by the autooxidation of cerium salts [8-9]. 


Pisarzhevskli [6], Classen [10], Schwarz and Giese [11], Cleve [2], and Bailey [12] represented their peroxides 
Ti*, zr, and Ce** by the general formula MeO, *2H,O0. More recently Schwarz and Giese [11], Gantz, and Lam- 
bert [13], Macrae and Wieland [14, 15], and Lawson and Balson [7] have for very good reasons come to regard the 


HO OOH 
peroxides of Ti**, Zr“, and Ce** as derivatives of the type Me(OOH)(OH)s or jee ne | , whereas Babko 


and Volkova [16, 17] claim that complexes may also be formed with hydrogen peroxide, Schwarz and Giese [11] 
have done some interesting work in an attempt to find out in what form is the oxygen in the peroxides of cerium 
and titanium subgroup elements, Using the method developed by Meyer and Pawletta [18] they proved that the 
active oxygen in their peroxides and related derivatives was not in the form of attached hydogen peroxide but in 
the form of an—O—O- bridge, The peroxides of cerium and titanium subgroup elements, like many other oxidizing 


centrations not in excess of 30%, 


Time, min. 


Fig, 1. Differential heating curves of titanium 
hydroxide, 


in the form of TiO, fired at 800-900°C, 
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x, 
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Fig, 2, The equilibration time in the 
system 0°, 
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agents, are unstable; on storage they gradually lose the active oxygen and explode when rapidly heated, We would 
like to mention that the above-mentioned workers used ordinary synthetic methods using hydrogen peroxide of con- 


EXPERIMENTAL 


In order to determine how the peroxides of titanium, zirconium, and cerium are formed and what type of per- 
oxides result we decided to carry out a systematic investigation of the reactions of the respective hydroxides with 
hydrogen peroxide over a wide range of concentrations (0 — 98%) and at two temperatures, 0 and —20°C, It should 


be pointed out that Ti(OH),, Z(OH),, and Ce(OH), all are very 
sparsely soluble (the solubility products are: SP7 (OH), = 8-10 


and SPce(oH), = 2°10 [19), and consequently one can hardly 


detect any traces of these compounds in aqueous solutions of hy- 
drogen peroxide, Our method simply involved stirring freshly 
precipitated hydroxides for a fixed period of time and under iso- 
thermal conditions in solutions of hydrogen peroxide until the 
chemical analysis of the liquid and solid phases (determined 
graphically from the residue) indicated no more changes in the 
composition, In this work it is important that only highly active 
freshly precipitated hydroxides be used, since only then are the 
peroxides readily formed, 


The hydroxide of tetravalent titanium was prepared by pre- 
cipitating trivalent titanium with ammonium sulfate and simul - 
taneously oxidizing it to the tetravalent state by the oxygen in 
the air; the oxidation was accompanied by a change in color from 
dark green to white, After the product was filtered out and thor- 


oughly washed it was dried in a vacuum desiccator at 20° and ground into a fine powder. The differential heating 
curves of Ti(OH), (Fig. 1), recorded on a automatic Kurnakov pyrometer at the heating rate of 3-4 deg/min using 

a Pt—PtRh thermocouple, show that endothermic changes take place between 120 and 135° and between 290 and 407°C 
attributed to the dehydration of the product, The chemical analysis alsoinvolved a determination of active oxygen 
by a titration with 0,1 N KMnQ, in sulfuric acid, The titanium in the solid residue was determined gravimetrically 


Liquid ase 
Residue 
oor 
og 
of, 
4 
JO 150 210 


minutes 
Fig, 3, The equilibration time in the 
system TiOH),— H,0 at —20°, 


Results obtained at 0 and —20°C, As we have already mentioned the equilibration time in the reaction of titan- 
ium hydroxide with hydrogen peroxide was determined analytically by noting when the active oxygen content of the 
liquid and solid phases as well as the overall composition of the solid product became constant, The curves in Fig, 2 
and 3 (0 and —20° plots) clearly indicate that a time interval of 60-90 min fs sufficient for attaining the desired 
equilibrium. The reaction of Ti(OH), with H,O, at 0°C was investigated over a range of hydrogen peroxide concen- 
trations from 7,18 to 91.76% (in the liquid phase) and interpreted as the formation of solid phases in the ternary sys- 
tem Ti(OH),—H202—H,0, The results are presented in Table 1 and Fig, 4, 


At hydrogen peroxide concentrations in the range from 7,18 to 46.83% we detected the formation of one solid 
phase; it was a lemon-colored peroxide compound of the composition TiO,*2H,0. When the concentration of hydro- 
gen peroxide in the liquid phase exceeds 50% the "residues" begin to decompose, 
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Fig. 4, The 0° isotherm for the system Ti(OH),—H,0,—H,0. 


TABLE 1, Experimental Data from the Reaction of Ti(OH), with HzO, 
Solutions at 0° 


Liq. phase cmpn., | Solid residue 


wt. % compn., wt. % Solid phase. 
Act. ©, | H,02 Act. O>». | TiO, 


Ti (OH),+TiO3-2H,O 
TiOg-2H.O 
Ditto 

» 


ve 


» 
Decomposed 
» 


» 
» 


» 
43,16 Freezing with the forma- 


tion of solid H,O, 


A parallel investigation at —20° over a hydrogen peroxide (liquid phase) concentration range from 21.68 to 
95,22% (Table 2 and Fig, 5) contributed nothing really new as far as discovery of other peroxides is concerned 
since the compound TiO, +*2H,O had already been found, The compound of the composition TiO, * 2H,O should be 
written in the form Ti(OOH)(OH)s, since it can be regarded as a derivative of Ti(OH), with one hydroxyl group re- 
placed by a perhydroxyl (OOH) group. The nature of the compound was deduced from subsequent work in which the 
specific properties of this peroxide were investigated during dehydration and thermal decomposition, In fact, if we 
take the entire solid residue of the composition TiO, -2H,O and wash it with ethanol and ether we get a product 


\/ 
0 
1) LY 20 
7 
1/20, 
Expt. No. 
8 3,38 7,18 6,80 50,40 
4 6,28 13,35 8,84 32,12 
40 7,99 16,99 9,09 34,66 
> 10,03 21,30 9,55 46,25 
18 10,62 22,58 9,97 40,00 
441 13,56 28,82 12,33 36,50 
16 45,97 33,52 13,69 27,47 
7 7 15.77 33,52 14,47 23,15 
419 15,87 33,74 13,02 39,54 
415 17,56 37,33 15,85 40,56 
17 19,41 41,26 14,41 38,18 
9 21,14 44,94 17,05 33,92 
19 22,03 46,83 16,73 35,24 
43 23,53 50,02 16,66 30,61 
6 31,40 66,75 20,29 42,82 
22 res. 34,58 73,2 22,14 42,19 
12 34,91 74,22 23,21 37,03 
21 res. 
20 res. 
| 
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Fig. 5, The —20° isotherm for the ternary system Ti(OH),—H,02—H,0. 
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TABLE 2, Experimental Data from the Reaction Ti(OH), with HO, Solu- 
tions at ~20° 


Solid residue 
cmpn., wt. % 


Act. TiO, 


Solid phase 


Ice— TiOs-2H,0 
TiO,-2H,0 


Decom posed 


20 
14 
4 31,50 66,97 27,82 14,72 
10 . | 33,30 70,79 22,54 36,59 
18 res. 33,92 72,41 20,03 48,03 
19 res 38,30 81,42 17,99 52,98 
7 40,44 85,97 31,40 11,61 
6 44,79 95,22 37,93 10,64 


which analyzes: O, act, = 9.71%, TiO, = 63.23%; H,O = 27.06%. Calculated for TiO, Og act, = 12,13%; 
TiO, = 60.58%; HzO = 27.29%. The differential heating curve (Fig. 6) of a product thus treated indicated an exo- 
thermic process at temperatures between 23 and 70° and an endothermic at 105°, The first (exothermic) process rep- 
resents the decomposition of Ti(OOH)(OH);, and the accompanying evolution of oxygen, the second (endothermic) 

process is connected with the first dehydration stage of the newly formed Ti(OH),. The Ti(OOH)(OH)s structure for 
the titanium peroxide is supported by a number of workers (6, 7, 13, 14, et al,] and appears most plausible, 


H,0 
20 
af Wy 
AKG 
Act. 0, | 4.0, | | 
2 | eel ae | | is 
1 15,03 31,95 12,88 35,00 Ditto 
15 19,52 41,49 14,69 39,10 >» » 
9 20,02 42,56 16,45 29,08 » » he 
2 21,12 44,90 15,74 30,06 » » 
12 22,56 47,96 14,28 42,28 » » 
8 22,64 48,13 17,40 30,69 » » 
41 22,90 48,70 15,43 37,78 » » 
| 
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Fig. 6, The differential heating curve 
of a titanium peroxide with an approx- 
imate composition of TiO, *2H,0O. 


Amount of Og, cm® 


20 30 min. 


Fig. 7. The differential heating curve 
of the solid residue of the composition 
TiO, *2H,0, 


decomposition becomes more pronounced (Fig, 7) and the evolution of 


If this compound retains excess hydrogen peroxide the exothermic 


active oxygen proceeds in two stages: from the decomposition of HzO, 
and of Ti(OOH)(OH),. In Fig. 7 we have recorded the differential heat- 
ing curve simultaneously with the amount of oxygen evolved during the 


—20°C and over a wide range of H2O, concentrations revealed the forma- 


thermal decomposition, 


SUMMARY 
1. An investigation of the reaction of Ti(OH), with H,O, at 0° and 


tion of only one peroxide phase of the general composition TiO, -2H,O. 


2, Dehydration experiments and differential heating curves accom- 


panied by a plot of the oxygen evolved during the thermal decomposition 
enabled us to conclude that the discovered compound is of the type 


w 


16, 


All abbreviations of periodicals in the above bibliography are letter-b -letter transliter- 


Ti(OOH)(OH),. 
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We have shown previously [1-3]that investigation of silicate vibration spectra makes it possible to estimate 
the “degree of polymerization” of the silicon-oxygen tetrahedra and the shape of the complex anions formed by 
them, The object of the present paper was to apply these methods to a study of the structure of rare earth element 

silicates, of composition R,O,*SiO,, 2R2O3*3SiO2, and RO; * 2SiO2, corresponding (as regards Si and O content) to 
oxyorthosilicate, orthosilicate, and pyrosilicate, At the same time, determination of their crystal structures, or at 

least of the structures of the complex anions of these substances, may be of interest for the crystal chemistry of sili- 
cates and for the study of the electronic structure of rare earth ions in crystals, 


EXPERIMENTAL 


All the silicates which we investigated were synthesized by Bondar’, Galakhov, and Leonov [4, 5], The uni- 
formity of our samples was checked by microscopic and x-ray phase analysis, The samples for investigation of their 
infrared spectra were prepared in the form of discs, pressed from a mixture of the material in question with potassium 
bromide, or in the form of finely dispersed suspensions of the material in paraffin oil.* Practically identical spectra 
were obtained by both methods, The spectra were recorded using a VIKS-M3 vacuum spectrometer with an NaCl 
prism, an ISP-14b spectrometer with a KBr prism, and, in some cases, and IKS-14 double beam spectrometer, 


Figure 1 and 2 show the absorption spectra of Y, Gd, and Sm silicates, of compositions R2O,+SiO, and 2R,0,° 
*3S10,. The spectra show a strong absorption region 850-1050 cm™, where in most cases there are three strong bands, 
which, in turn, often have a doublet structure, There is another group of bands in the region below 600 cm™, The 
absence of absorption in the 600-750 cm™ region, characteristic of silicates containing complex anions with SiO, 
tetrahedra combined with common oxygen atoms [1-3], agrees with the view that there are isolated [SiO,]~* ions 
in these compounds, and suggests that their structural formulae may be written R2(SiO,)O and R,(SiO,4)s. The three 
intense bands in the 850-1050 cm™ region may be attributed to the triply degenerate valency vibrations of the SiO, 
group (F,). The appearance of three bands is evidently associated with the observed degeneracy under the influence 
of the internal field of the crystal.** The often observed doublet structure of these bands is probably due to splitting 
of the internal vibrations of the complex fons as the result of interaction between the ions in the crystal lattice [7]. 
The other, type A, valency vibration of the SiO, ion, of frequency ~775 cm”, is not usually observed in the absorp- 
tion spectrum, The frequencies of the Si-O deformation vibrations and of the metal— oxygen vibrations are in the 
region below 600 cm™, It should be noted that the comparison. of the pyrosilicate spectra (see below) with these of 
the orthosilicates indicates that the latter are unstable. The orthosilicate spectra often show bands corresponding to 
pyrosilicates (Table 1), It is characteristic that spectra recorded immediately after synthesis of the orthosilicates 
did not show pyrosilicate absorption, After some time, the spectra of all the samples showed Si,O, ion bands (Fig. 
2),°** indicating that pyrosilicate is one of the main decomposition products, 


The most detailed investigation spectra was made with compounds of the composition R20; * 2SiO2, with the 
cations: Sc, Y, La, Ce, Sm, Gd, Dy, Er, Yb, These compounds could be divided into three groups according to their 


* Absorption by the immersion medium is excluded from the figure shown in this paper, 
** The observation that F, type vibrations of the SiO, ion are split up into three components indicates that the posi- 
tion symmetry of these ions in the lattice (site-symmetry [6]) is not higher than Cay, or indeed simple Cy. 

***It-cannot be excluded that some of the bands in the 800-1100 cm™ region may be associated with overtones or 
combination frequencies, whose intensities are increased by Fermi resonance, 
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1300 1100 1000 900 500 v,cm™ 


1300 1001000 300 $00 500 Fig. 2. Infrared spectra of Sm silicates 
containing SiO, fons: 1) Sm2(Si0Q,)O 

Fig, 1. Infrared spectra of Y and Gd silicates pressed with KBr (10 mg to 2 g KBr); 2) 

containing SiO, ions: 1) Y_(SiO,)O in paraffin Sm,(SiO,4)3, 1 day after synthesis, pressed 

oil; 2) Y4(SiO4)g pressed with KBr (5 mg to 2 g with KBr (5 mg to 2 g KBr); 3) Sm,(Si0,)s, 

KBr); 3)Gd,(SiO,)O in paraffin ofl; 4) Gd,(Si0,), three weeks after synthesis, pressed with 


pressed with KBr (5 mg to 2 g KBr). 


KBr (10 mg to 2 g KBr), 


109 
80 
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490 
100 
& 40 
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10 
13001100300 900 800 700800700600 500 450 
Fig. 4, Infrared spectra of the sjlicates of Y, Gd, 
Fig, 3, Infrared spectra of the silicates of La, Ce, and Dy with SigO, ions: 1) Y2(Si,07) pressed with 
and Sm with SiO, fons: 1) La,(Si,O7) in paraffin KBr (5 mgto 2 g KBr); 2) Gd2(SigO7) pressed with 
oil; 2) Ce2(Si,O7) in paraffin ofl; 3) Sm2(SizO7) KBr (10 mg to 2 g KBr); 3) Dy2(Si,07) pressed with 


pressed with KBr (10 mg to 2 g KBr), 


KBr (10 mg to 2 g KBr), 


spectra; there was very little difference between the spectra within each group, The first group comprised the sili- 
cates of La, Ce, and Sm (Fig, 3), These showed a set of seven bands in the 800-1100 cm™ region; some of the bands 
showed a definite doublet structure, There was a second set of strong bands in the region below 600-550 cm™, and, 
finally, all three compounds showed a single band at close to 725 em”, The second group comprised the silicates 

of Y, Gd, and Dy (Fig. 4), These showed six bands in the 850-1050 cm™ region, none of them showing any doublet 
structure, Besides the bands below 600 cm™, there was also a single band at about 630 cm™, The third group, com- 
poling the silicates of Sc, Er, and Yb, showed the simplest spectra (Fig, 5), There were four bands in the 850- a 


cm™ region, of which one was usually double, a number of bands below 600 cm“, and no band in the 600-850 em 
region, 
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Thus, even a preliminary consideration of the R2O,°2SiO, silicate spectra indicates the existence of three 
different structural types, In this there is a curious reverse periodicity, The silicates of the elements immediately 
following La repeat the structure of La silicate; the following group of silicates (Gd, Dy) crystallizes with the struc- 


ture of Y silicate; the silicates of the elements completing the lanthanide group (Er, Yb) coincide in structure with 
Sc silicate, 


Discussion of Experimental Results 


As previously [1-3], in interpretating the results obtained, we consider the valency vibrations of the metal— 
oxygen polyhedra can be neglected to a first approximation, This is evidently correct for silicates with cations whose 
bonds with oxygen are only covalent to a negligible extent, or which have such a high mass that the frequency of 
the M-—O vibrations is low. It is not immediately obvious that this treatment is applicable to the spectra of the rare 
earth element silicates, However, the M—Q vibration frequencies in the spectra of the ortho- and oxyorthosilicate 
do not in any case exceed ~ 550 cm"?, and this indicates that it is permissible to consider separately the valency vi- 


brations of the anions, Such a clear interpretation would not be possible if the Si-O deformation frequencies were of 
the same order as the M—O frequencies, 


We have shown [1] that association of SiO, tetrahedra 
into a “double” Si,O, group leads to a splitting of the val- 
ency vibrations of the SiO, tetrahedron, in accordance with 

: the scheme on the left hand side of Table 2, There is partic- 


ularly strong splitting of the fully symmetrical (pulsation) 
LU vibrations of the tetrahedron, so that one of the two compo- 


nents falls in the frequency region of the triply degenerate 
i, tetrahedral vibration, and its identification is generally diffi- 

cult, The other component falls in the 600-700 cm™ range, 

which is free from bands in the orthosilicate spectrum, and _ 


may be used to indicate the presence of Si,O7 groups, The 


position of the band (i,e,, the value of the splitting) depends 
sin i on the size of the SiOSi angle, and may be used for its approx- 
| imate evaluation, 
~ 


y an interpretation of the spectra, As already stated, the spec- 
Fig. 5. Infrared spectra of the silicates of Sc, Er, tra of the La, Ce, and Sm silicates contain seven bands in 
and Yb with a thortveitite structure: 1) Sc2(Si,O7) the 800-1100 cm™ region, some of which show a doublet 
(synthetic) pressed with KBr (5 mg to 2 g KBr); 2) structure, These bands may be considered as seven normal 
Erg(SizgO7) pressed with KBr (10 mg to 2 g KBr); 3) vibrations of the Si,O, ion in this region of the spectrum, In 
Yb2(Si,07) pressed with KBr (10 mg to 2 g KBr), comparing the frequencies in Table 2, we also make use of 
the circumstance that a doublet structure, produced by inter- 
reaction between the ions in the lattice, will, in accordance with Davydov's theory [7], be shown preferentially by 
the vibrations with the highest dipole moment, It should be noted that Ag type vibrations, with C2, symmetry of 
the SiO, fon, are nonactive in the absorption spectrum; their appearance in the infrared spectra indicates that the 
$i,O7 ion has lower symmetry, or that these 7 occupy positions with site-symmetry below Coy (C2, Cg or Cy). 
The single medium intensity band at ~ 730 cm™ is atrributed to one of the components (the low frequency one) into 
which the pulsation frequency of the SiO, group and SiO, ion is split up, Using the connection between the value 
of the tetrahedral pulsating frequency splitting (and, consequently, the position of the band in question) and the value 


of the SiOSi angle in the Si,O, group [2], we may conclude that this group is sharply bent in shape (the SiOSi angle = 
= 120°), 


Transmission ,% 


The Y, Gd, and Dy pyrosilicate spectra contain six intense bands in the 850-1025 cm™ range, which indicates 
that it is correct to select Czy symmetry for the SigO7 ion, These fons probably occupy positions with Coy site- 
symmetry in the lattice, since with a lower symmetry, the A» type vibration of the ion would change so as to be 
forbidden in the infrared spectrum, The bands at 630 cm™, corresponds to the 730 cm™ vibrations of the La, Ce, 
and Sm silicates, which indicates an increase in the SiOSi angle to about 160°, 


The spectra of the Er and Yb pyrosilicates, and the very similar Sc pyrosilicate* spectrum, differ in having 


* We have recorded the spectrum of natural thortveitite, as well as that of synthetic Sc2Si,O7, and the results are 
identical, 
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TABLE 3, Frequencies in the Infrared Spectra of Rare Earth Metal Pyrosilicates with a 
Thortveitite Structure 


Interpretation Frequencies in absorption spectra 


Ion Ion Site - Crystal 
group |space group Sc2Si,0, Er2Si,O, Yb,Si,O, 
(T symm.) |(Dsqsymm.)) Gh 


Bu 1169 o. c. }1119 0. 
1100 o. c. 
Ay 1100 cp. |1095 o.c. 


975 cp. | 943 0.c. 


907 o. c. | 9150.c.} 9150 ¢. 


621 o. ca. (?) 


Si~O deforination 
and 
M=O vibration 


570 cp. | 566 0. c. 
542 cp. 546 cp. 
523 0. c.| 498 cp. 
470 0. 476 0. c. 


* Abbreviations — see Table 1, Notes — see notes to Table 2, 


a small number of bands in the Si-O valency vibration region, It is helpful to use the x-ray analysis data for thor- 
tveitite [8] in the interpretation of these spectra, The [Si,O7]* ions in this crystal show Dsq symmetry (the SiOSi 
angle = 180°), and this leads to an alternative prohibition in the selection rules for vibrations of the isolated ion, Of 
the six Si-O valency vibrations, only three can be observed in the infrared spectrum, and the other three must be 
inactive, One of the frequencies inactive in the absorption spectrum is at ~600-700 cm™ (type Ayq), characteristic 
of pyrosilicates, The Si,O, ions in the thortveitite lattice occupy positions with Ch site-symmetry, Thus the change 
from the spectrum of an isolated ion to that of its vibrations in a crystal field must be achieved by the break down 

of the irreducible representations of the point group Dgq to the irreducible representations of the group Cyh. This 
leads to a reduction in degeneracy (Ey + By + Ay and Eg + Bg + Ag) with preservation of the alternative prohibition, 
Thus, for Si-O valency vibration bands should be observed in the absorption spectrum of thortveitite, Additional 
complication of the spectrum can be caused by resonance interaction between the ions in the crystal, The element- 
ary cell of thortveitite (space group C$p) contains two Si,O7 ions; Davydov's [7] theory suggests that there should be 
doublet splitting of all the internal vibrations of the ions, but the alternative prohibitions are not cancelled, and this 
is an approximation (Table 3), Of the four bands observed experimentally in the thortveitite spectrum, only one* 

is a doublet, and this clearly corresponds to the vibration with the highest dipole moment, Thus, the results of ana- 


* That this frequency is somewhat higher than in the case of the other pyrosilicates may be explained by the shape 


of the Si,O, group, and by the greater interaction between Si-O and M—O bonds, probably partially due to a greater 
covalent character (with M = Sc, Er, Yb). 


Ag (Ha) 
/ Eg (ia) 
Be (na) Hu 
‘\ Ag (2) | Ag (Ha) | 
Au 
By 

En } Ay 
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lysis of the infrared spectrum of thortveitite (and of the silicates of Er and Yb) are in full agreement with the data 
on its crystal structure,” 


It follows from the above that the rare earth element pyrosilicates can be divided into three groups, distin- 
guished not only by their lattice structure, but also by the shape of the Si,O, group, We attempt below to discuss 
the role of various factors affecting the shape of the Si,O, group in the crystals investigated, although it is at pres- 
ent difficult to give a complete explanation of all the observed regularities, Following an idea of Belov's, that 
silicon-oxygen anions can “adapt themselves" to the dimensions of the cation, we can probably relate the change 
in shape of the Si,O, group and the crystalline structure of pyrosilicates to the “lanthanide contraction," i,e., to the 
decrease in ionic radius of the lanthanides with atomic number, This assumption also corresponds to a decrease in 
ionic radius in the series Lat++ + y*** + sc*** [10]. On the other hand, the change in shape of the Si,O, group 
may also be intepreted as the result of a change in character of the bond Si-O and Si-O(Si), depending on the 
basicity of the cation, It is known that basicity diminishes up the series La ~ Lu, Y is intermediate between Dy and 
Ho, and Sc follows after Lu[11]. We may suppose that, in the Si,O, fon bonded with cations by purely electrostatic 
interactions, the accumulation of electrons on OT atoms makes __ possible some increase in the order of Si-O” bonds, 
as the result of partial formation of pt—dm bonds, It follows that the Si-O-—Si bonds approximate in character to 
simple p-bonds, and that the SiOSi angle tends to the value characteristic of such bonds (90°), With decreasing basic- 
ity of the cation, the increasing covalency of the M—O bonds leads to a reduction in order of the Si-O bonds, so that 


it becomes possible for the role of pt—d@ interaction in the Si-O-—Si bonds to increase, and therefore the SiOSi 
angle increases, 


It also cannot be excluded that the existence of these three types of lanthanide pyrosilicate structures is not a 
matter of chance; The division of the cations into three groups possibly corresponds to the existence of the three 
most stable electronic configurations: La*t*+, Gd***, and Lu*t* (0, 7, and 14 electrons in the 4f shell), It may 
therefore be supposed that the difference in the electronic configurations of the cations of the three above-men- 
tioned groups, and consequently the difference in the ionic fields created by these ions, determines the specific crys- 


talline structure, However, this assumption is not in agreement with the inclusion of the Sc and Y silicate structures 
in the general scheme, 


The authors would like to express their thanks to I, A, Bondar’, F, Ya, Galakhov, and A, I, Leonov for providing 
the silicate samples, and to N, A. Toropov and E, F, Gross for their constant interest in this work, 


SUMMARY 


1, By an investigation of the infrared spectra of rare earth element silicates, it has been established that there 
are [SiO,J*” ions in compounds corresponding in composition to ortho- and oxyorthosilicates, and [Si,O,]°" ions in 
compounds of pyrosilicate composition, 


2, Depending on the nature of the cation, the rare earth element pyrosilicates give three types of crystalline 
structure with differently shaped SiO, groups, 


3, It is suggested that the difference in shape of the [Si,O,]* ions is associated with differences in the values 


of the ionic radii (and of the coordination polyhedra) of the cations, and with the associated changes in the nature 
of the bonds within the complex anions, 
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The idea of the physical modification of the surface of adsorbents has long attracted investigators working in 
the field of adsorption, However, the great experimental difficulties involved in preparing the modified surface has 
lead to the fact that at the present time only a small number of papers on this subject are to be cited in literature 
which are far from embracing all the possibilities offered by this method, [ 1-5]. 


Physical modification of the adsorbent surface may be accomplished through preliminary adsorption of the 
vapor of some relatively high boiling substance or modifier with subsequent quick lowering of the adsorbent tempera- 
ture down to a vanishingly small modifier vapor pressure over the adsorbent, As a result, the adsorbed film which 
corresponds with the conditions under which the adsorption of the modifier vapor took place is, as it were, “hardened” 
and the way in which the adsorbent surface was filled up is made permanent, One can study the low temperature 
adsorption of the vapor of another substance on a modified adsorbent of this sort. 


The purpose of the investigation presented in this series of papers is an attempt to use the method of physical 
modification of the adsorbents to study the nature of surface filling by preadsorbed substances and to study the ad- 
sorptional properties of the modified surfaces, In the present first communication of this series, we give the results 


of experiments on the effect which physical modification of a carbon black surface by water has on the low tempera- 
ture adsorption of nitrogen, 


EXPERIMENTAL 


As the adsorbant we used thermal black baked in vacuum at 950°, with a specific surface ~32 m*/g, This 
choice was dictated on the one hand by the fact that we wanted to reduce the porosity effect, which makes the re- 
sults difficult to interpret, and on the other hand, by the fact that we wanted to have a surface with a chemical 
nature as close as possible to the surface of active charcoals, With the thought in mind that subsequently these data 
could be applied to active charcoals, The adsorbate was nitrogen at its boiling point and as the preadsorbed substance 


water was used, The nitrogen was prepared by thermal decomposition in vacuum of chemically pure sodium azide, 
The distilled water was degassed in vacuum, 


The investigation was carried out gravimetrically on a setup using the high-sensitivity adsorption balance des- 
cribed previously in [6], since this method allows direct measurement of the quantitative preadsorbed substance after 
it has been frozen, Actually the balance has been subjected to some slight changes which improve its stability, In 
particular, to reduce the effective convection currents which inevitably arise when large temperature differences are 
present, the balance was made assymmetric as possible. In this way we were practically able to eliminate the effect 
of convection currents on the balance readings completely. The sensitivity of the balance was 2.08-107’ g, A 59 mg 
sample of carbon black pressed without binder into a tablet ~4 mm in diameter, was placed in a platinum cup sus- 
pended on one end of the beam of the balance, On the other end of the beam was suspended a platinum counter- 
weight, balancing the initial weight of the carbon black in the cup, Before every series of experiments the carbon 


black sample was heated on the balance in vacuum at 400° to constant weight, A nitrogen gas thermometer was 
used to measure the temperature of the liquid nitrogen, 


| | 
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First, the adsorption isotherm of nitrogen on pure carbon black at —195° was taken (curve 1, Fig. 1), Then after 
pumping off and heating the carbon black, a fixed quantity of water vapor was absorbed on it at 20°, and helium was 
admitted to the apparatus at a pressure of 20-50 mm Hg. After this, the sample was quickly cooled to liquid nitrogen 
temperature and pumped off, The helium was admitted to the apparatus to improve the heat conduction between the 
walls of the balance housing and the adsorbent suspended on the balance and at the same time to reduce the mass ex- 
change between the adsorbent and the colder walls of the balance housing during cooling, [3] and(5]. This precau- 
tion allowed us to cool the adsorbent to —195° without any substantial loss of adsorbed water, The quantity of pre- 
adsorbed water was measured directly from the increase in weight, Then came the usual nitrogen adsorption meas- 
urements, the adsorbent was again pumped off, another layer of water was adsorbed, etc, 


a,mM/g 
10 


PID, 


Fig. 1. Nitrogen adsorption isotherms at —195° on pure carbon 
black, curve 1, and on carbon black with increasing quantities 
of preadsorbed water, curves 2, 3, 4, and 5, The lower curves 
are the initial portion of the upper curves with the scale of 

p/ps increased 100 times, 


In this way we obtained the adsorption isotherms of nitrogen on carbon black with different amounts of pre- 
adsorbed water (curves 2-5, Fig. 1), Using the adsorption isotherm of water vapor on the same carbon black taken 
on the usual vacuum sorbtion balance at 20°, we determined what points on the isotherm the measured quantities of 
preadsorbed water corresponded with and thus calculated the degree of completion of the monomolecular.layer @ 
which they represent (Table 1), The value of 8 was calculated from the known surface of the carbon black in the 
area occupied by a molecule of water on the carbon black surface, w = 14,8 A® [7], As may be seen from Table 1, 
the maximum amount of preadsorbed water was 2,5 layers, We were not able to get any more on, since at relative 
pressures p/p > 0,966 the amount of water vapor adsorbed on the carbon black is very strongly dependent on the 


pressure (Fig. 2). Therefore, even an insignificant drop in the water vapor pressure during freezing could cause sub- 
stantial desorption in spite of the rapid cooling in the presence of the helium. 


The nitrogen adsorption isotherms on pure carbon black and on carbon black with preadsorbed water have a 
form corresponding to the type II isotherms of Braunauer's Classification, It is a matter of fundamental importance 
that the nitrogen adsorption at different relative pressures decreases systematically with increase in the amount of 


preadsorbed water (compare curves 1-5, Fig, 1), the reduction being nearly proportional to the amount of preadsorbed 
water, 
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The BET equation gives a good description of the experimental data in the relative pressure range p/p, = 0,05- 
0.4, However, the experimental points in the linear form of the B.E.T. equation representing h/a (—h) = f(h), where 
h = p/p, formed two sharply defined linear segments with different slopes: one in the range of p/p, from 0.003 to 0,15 
and the other from 0,15 to 0,4, The constants of the equation calculated from the straight line drawn through the 
experimental points in the first segment are substantially different from the 
a, mM/g constants calculated from the second segment or from an averaged straight 
line embracing the whole p/p, region from 0,003 to 0.4, There is a partie- 
0 ularly large difference in the constant c, which in the first segment is equal 
to about 300, and in the second segment is reduced to 60-40, Following the 
075 advice of MacIver and Emmett, [8], the constants we used in calculation 
were taken from the first linear segment of the B.E.T. equation, since the 
constant am, equal to the amount of adsorption with a completed mono- 


050 molecular layer, lies in precisely this relative pressure region. For all the 
isotherms the quantity a, is approximately the one for the relative pressure 
p/p, = 0,065, The results of applying the B.E.T. equation to the experimen- 
025 


tal data are given in Table 1, The specific surfaces were calculated under 
the assumption that the nitrogen molecule occupies an area of 16,2 # on 
the carbon black surface, As may be seen from Table 1, the specific sur- 
0 025 05 Q7 pip, face decreases systematically with increase in the amount of preadsorbed 
water, In spite of the fluccuations in the value of c because of the low de- 
gree of accuracy with which it can be determined (~ + 10%), the tendency 
for it to be reduced from 300 to 200 may be easily observed, 


Fig. 2, Adsorption of isotherm of 
water vapor on carbon black at 20°, 


TABLE 1, Nitrogen Adsorption at —195° on Modified Carbon Black 


Preadsorbed water vapor Nitrogen adsorption at -195° 
number : 2 Range of 
a,mM/g PiPs | 0 a,mM/g | c applicability p/p, 
1 0 0,332 300 32,4 0,005—0, 15 
2 0,354 0,920 1,0 0,312 290 30,4 0 ,003—0, 15 
3 0,495 0,936 1,4 0,298 300 29,1 0,003—0,18 
4 0,795 0,962 2,2 0,288 270 28,4 0,003—0,15 
5 0,901 0,966 2,5 0,270 200 26,4 0,003—0, 18 


To find the causes of the reduction in the specific surface of the adsorbant, the reduction in the constant c 
and the amount of nitrogen adsorbed, as the quantity of preadsorbed water is increased we found the nitrogen ad- 
sorption isotherm on frozen water at —195°, For this purpose, we used the usual volumetric apparatus, Highly dis- 
persed ice was prepared by freezing water vapor directly on the walls of a glass ampule 20 mm in diameter and 
60 mm long, Here the first ampule had a second ampule full of water sealed onto it, The water was degassed in 
vacuum by pumping out about 1/5 of the volume, Then the first ampule was immersed in the cooling mixture, and 
the water from the second ampule was frozen over onto the walls of the first ampule, After the necessary quantity 
of water had been frozen over, the second ampule was shut off from the first by a stop cock, The dead volume in 


the ampule was measured with helium, A nitrogen gas thermometer was used to measure the temperature of the 
liquid nitrogen, 


Since ice has several crystalline forms existing at different temperatures, we made several series of measure- 
ments of the nitrogen adsorption isotherms on ice under different conditions of cooling down to the temperature of 
liquid nitrogen, and with different amounts of water frozen over from 0,5 to 15 g. As a result, it became clear that 
ice prepared at the temperature — (50-70%) and then quickly cooled to —195° forms a total surface of several square 
meters, The accuracy of the adsorption measurements in such cases was very small, However, if the ice collected 
on the walls of the ampule is immediately cooled down to —195° it has a total surface of 110-150 m’, and this sur- 
face value is only slightly dependent on the quantity of water frozen over, Obviously, the adsorbing surface is formed 
only on a thin surface layer of ice, As the quantity of water frozen over is increased, the lower lying ice crystals 
probably continue to grow until they are completely interlocked with one another. This may be confirmed visually, 
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since if large quantities of water are frozen over, the layers adhering to the walls of the ampule look solid and al- 
most transparent, while the layers formed in the interior of the ampule were loose and white, 


The isotherms obtained were described by the B.E.T, equation which made it possible to calculate the specific 
surfaces, assuming that the nitrogen molecule occupies an area of 16,2 A” on the ice, The isotherms measured each 
time on a new part of the ice are all in good mutual agreement on a graph plotted to the coordinates; adsorption, 
referred to unit surface, against relative pressure, Curve 6 of Fig. 3 gives the experimental points from three inde- 
pendent series of measurements of the adsorption of nitrogen on ice crystals at —195°, In the same Fig. 3, curve 1 
gives the adsorption isotherm of nitrogen on pure carbon black, As may be seen from the graph, the rate of rise of 
the adsorption isotherms of nitrogen on ice is, in the initial region, considerably less than the rate of rise of the iso- 
therm on carbon black, Correspondingly, for the isotherm 6, the constant c is about equal to 60, 


a, M/m? 


Q05 Ql 220 p/P, 


Fig, 3. Nitrogen adsorption isotherms at —195° on pure carbon black, curve 1, car- 
bon black with preadsorbed water, curves 2-5, and on ice crystals, curve 6 (three 
series of measurements), 


Comparison of the isotherms 2-5 with the isotherms 1 and 6, showed that strictly 

0 S_+S speaking, they are not additive but isotherms 2-5 are considerably closer in form to 
eee isotherm 1 and to isotherm 6, Consequently, the adsorption of nitrogen on carbon 

M*/gi O . black with preadsorbed water is by nature closer to the adsorption on pure carbon 

‘i black then on ice, even with such large quantities of preadsorbed water that if the 


carbon black particles are covered uniformly, about two or three adsorbed layers 
could be formed, 


Discussion of Experimental Results 


The reasons for the fact that preadsorbed water has so little effect on the ad- 
6 sorption of nitrogen on pure and modified carbon black are probably the following: 
0 S; (a) the ice formed from preadsorbed water is fundamentally different from the ice 
» a pip prepared by freezing water vapor directly onto the walls of the glass ampule: (b) the 
**“S adsorbed water molecules even when they are two or three monomolecular layers 
Fig. 4, Surfaces of carbon __ thick do not really shield the adsorption field of the carbon black and so have little 
black and ice calculated effect on the nitrogen adsorption; (c) an adsorbed water layer one to three molecules 
additively. thick acting under the surface field of the adsorbant forms a field of adsorptional 
forces over top of itself which is very similar to the carbon black field; (d) the water 
adsorbed on the carbon black does not form continuous adsorbed layers but collects into islets which cover only a 
small part of the carbon black surface, The last explanation given seems to us to be the most probable one since 
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TABLE 2, Results of Calculations from We have carried out this calculation for a range of relative pres- 
: Equations (3) and (4) sures from 0,005 to 0,1, As an example, Fig. 4 shows the results of the 
. calculations for isotherm 3, It must be kept in mind how small the 
Isotherm accuracy of calculation of Sr and Sy is, since from Eq. 3 and 4, they 
- number a /g 2/9 | BET are obtained as the quotient of differences of very nearly equal quant- 


3 


it is in agreement with the ideas which have been developed in our laboratory on the subject of water vapor adsorp- 
tion on carbonaceous adsorbents [9 - 13], 


Following the islet scheme the preadsorbed water covers only part of the carbon black surface, namely the sur- 
face S;, leaving the part Sp of the carbon black surface free, Let us now try to calculate these surfaces, From the 
isotherms 1 and 6 of Fig, 3, we can find the amount of nitrogen adsorbed per unit surface for pure carbon black, af 
and for ice, ay, In addition, we know the total adsorption of nitrogen on carbon black with preadsorbed water, apy, 
from curves 2-5 of Fig. 1. Obviously, for a given relative pressure we are justified in writing the following equation: 


= py (1) 


and in the same way, for another relative pressure 


+ Sap = apy 


Solving these equations simultaneously we obtain 


(4) 


ities, taken directly from graphs, and the maximum absolute error, 


; ig e rr ae calculated from the theory of errors, may reach + 5 m?/g, Neverthe - 
4 23,6 | 4,3 28,3 28,1 less, the maximum spread of the points for Sy) and Sr does not exceed 
5 22,0 4,1 26,4 26,4 


+ 3,5 and + 2.8 m’/g respectively, which justifies finding mean values 
for these quantities which are given as solid lines on the graph. The 
mean values resulting from the calculations are given in Table 2, 
Some measure of the correctness of the calculation is given by the good agreement between the total surface Sp + Sy 
and the specific surface determined from the B.E.T. equation, The calculations show that the ice surface is small 
compared with the free carbon black surface, and a continuous laminer coating on the carbon black formed from ad- 
sorbed and frozen water does not occur, Here the total surface S_. + S, drops off systematically, To test this conclu- 
sion we made a calculation for an imaginary adsorbent consisting of a mixture of pure carbon black and ice crystals 
taking 95, 90 and 80% of the surface as carbon black and 5, 10 and 20% respectively of the surface as ice, Taking 
the same fractions of the adsorptions a,, and ay from isotherms 1 and 6 of Fig. 3, and taking the total surface to be 
32.4 m/g, we treated these artifically constructed isotherms according to the B.E.T. mm. The calculations showed 
that the specific surface remains constant, and within the limits of error is equal to 32,4 m ?/g, while the constant c 
drops off systematically, In addition, all the isotherms if they were drawn in Fig, 1 (they are not given on the graph) 
would go between curves 1 and 2, practically coinciding with Fig. 1 at p/p, > 0.1. Consequently, if the isotherms 


for these imaginary adsorbents are going to fit the isotherms 2-5 completely, it is necessary to take account of the 
reduction in their specific surface, 


Using the specific surfaces S;, + S; which we have found, we can calculate the amount of adsorption per unit 
adsorbent surface and plot the isotherms 2, 3, 4, and 5 in Fig, 3. As may be seen from Fig, 3, these isotherms al- 
most correspond with curve 1, Fig, 1, and are far away from curve 6, This last fact also causes us to think that modi- 
fying a carbon black surface with water causes a reduction of the original surface, thus causing the nitrogen adsorp- 
tion to drop off as the quantity of preadsorbed water is increased, 
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We shall now consider in just what way the reduction in the total surface can occur, Let us return again to the 
assumption that the water covers the carbon black in a uniform adsorbed layer, and let us see how the total adsorbent 
surface will change in an adsorption scheme of this sort, Electron microscope photographs show that the carbon black 
consists of particles having a regular spherical form (Fig. 5), the diameter of which varies from 0.3 to 0,015 p. A 
statistical analysis of these photographs shows that the mean diameter of the particles is d= 01 qj. On the other 
hand, using the known surface value for carbon black of S = 32,4 m */g, found from the B.E.T. equation, and taking 
the density of carbon black to be 6 = 1,80 g/cm®, we calculated the diameter of the particles, considering them to 
be dispersed in a monolayer, The result was d ~ 0,1 wp and the number of particles per gram of carbon black was 
found to be n, * 1+ -10'5 per gram, The good agreement between the two values of d, calculated by two different 
methods is apparently fortuitous, but all the same it supports the fact that we are dealing with a nonporous adsorbent, 
the geometric surface of which is very nearly the same as the surface on which the nitrogen adsorption is taking place, 
Taking the thickness of the adsorbed film of water to 2 A, it may easily be shown that with two points of contact for 
each particle, the total surface will be increased by the adsorbed film to 32.7 m’/g, and that it is only with six points 
of contact that it will become equal to 32,4 m*/g, which is the original surface of the carbon black, Thus, it be- 
comes clear that a uniform coating of water on the carbon black will not explain the overall reduction in surface, 


Fig. 5. Electron microscope photograph of carbon black 
(magnification x 29,000), 


If we assume that the water, adsorbed in the form of separate islets, has been frozen and converted into sepa- 
rate crystals or groups of crystals on the carbon black surface, it may easily be shown, that in this case any amount 
of reduction in the carbon black surface may occur, but the surface of the ice crystals deducting the surface which 
they have in common with the carbon black, will always be greater than the surface which they occupied on the 
carbon black surface, and, consequently, the total surface will become greater than the original surface, which is 
in contradiction both with the data calculated from the B.E.T. equation and from our own calculations, Thus, this 
scheme for the adsorption of water vapor on the carbon black surface drops out of the picture, 


We shall assume further that a considerable quantity of the preadsorbed water is located at the points of con- 
tact between the carbon black particles, leaving the rest of the surface essentially free. If we want to verify this 
last assumption, we can look at the papers by Radushkevich [14 - 18], who has solved the problem of capillary con- 
densation in highly dispersed systems, Unfortunately, we cannot use the exact solution for a poly-dispersed system 
of contacting particles, since we do not know how the number of contacts between particles of different radii is dis- 
tributed, However, as a qualitative estimate, we can consider our system to be mono-dispersed, taking an arbitrary 


coordination number, i,e,, the number of contacts p which one particle makes with the other is taken to be three 
or four, which is the most probable value for a system of this sort, 


According to Radushkevich [4], the volume of water condensed in the space between two contacting particles 
is given by the equation 


“Sn 
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where ris the radius of the particles; U = f(B), and b = c/r, where in turn 


c= 


“RT in (6) 


o 1s the surface tension; v is the molar volume of the adsorbate, and R is the gas constant, Taking in our case o 
= 12,8 dynes/cm, v = 18 3 cm®/M, R= 8,315°107 erg/deg-M and finding p/p, from Table 1, we made the necessary 
calculations, The results are given in Table 3, The 6th and 7th columns of the table give the volumes of water 
condensed in the spaces between the carbon black particles calculated by Radushkevich’s method for 3 and 4 points 
of contact, and the last column gives the actual amount of preadsorbed and frozen water, As can be seen, these 
values are very close to one another, This gives reason to suppose that in accordance with the scheme, some rather 
large part of the preadsorbed water is located at the points of contact between particles, 


Further, following Radushkevich, we shall calculate the decrease in carbon black surface caused by the con- 
densation of water vapor in the spaces between the contacting particles [18], The decrease in surface is given by 


the equation 
AS = Sovs’, (7) 


where s' = f(8) and Sg is the original surface, The results of these calculations together with the surfaces calculated 
previously on an additive basis are given in Table 4, 


TABLE 3, Amounts of Water Condensed in the Spaces between Contacting Particles (after 
Radushkevich) 


number 


8 va 3, 
mm* /g 


TABLE 4, Change in Carbon Black Surface 
from Water Condensed in the Spaces Between 
Contacting Carbon Black Particles (after 
Radushkevich) 


It follows from Table 4 that the decrease in surface caused 
by the condensation of adsorbed water in the spaces between the 
contacting particles is perfectly capable of reaching the same kind 
of values which can be found in the calculations given above. 


Isotherm| s’ |S,.at v=3]S,at v=4,| $ Thus, the scheme explains the reduction in adsorptional sur- 
number | fract. | m?/g | m2/g y) g face as the quantity of preadsorbed water is increased, however, it 
requires complete wetting of the carbon black surface by water so 
that condensation can occur between the contacting particles, which 
4 0.0458 28.0) 26, 5 23.8 contradicts our own premise, that the carbon black is not completely 
5 0,0493| 27,6 26,0 22,3 


covered by an adsorbing water film. 


We shall now envisage another method of explaining the 

phenomenon observed, So far we have considered the carbon black 
particles to be smooth, Now, we shall assume that the carbon black surface exhibits micro-roughness, which consists 
of small depressions, If the surface of the carbon black particles consists essentially of the basal planes of carbon 
crystals, the surface of the depressions will be formed by the lateral surfaces of the crystals, which contain carbon 
atoms having unsaturated valences, which are able to bind oxygen atoms, i.e., to form surface oxides or primordial 
adsorption centers, In this case, the water molecules will be adsorbed principally on the internalsurface of the de- 
pressions and will there form the water islets which, on coalescing, fill up the depressions, i.e., they flatten out the 
overall surface or at any rate, the surface which is responsible for the adsorption of nitrogen molecules, 


Now let us see how realistic this scheme is. Let us assume that the depressions on the carbon black surface 
are hemispherical in form and have radius r. In this case, the total surface, S,, of pure carbon black will consist 


of a “flat surface" § and the internal surface of the depressions, Sy. If the number of depressions in one gram of 
carbon black is ng, then 


V atv=4, | V exper. 
: . 1 2 3 4 5 6 7 8 
7 2 0,920 | 0,125 4,9 1,45 4,31 5,75 6,37 
3 0,936 | 0,162 7,5 2,22 6,30 8,80 8,92 
4 0,962 | 0,267 14,3 4,24 12,6 16,7 14,3 
, 5 0,966 | 0,293 17,3 5,12 15,2 20,3 16,2 
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S, = S_+Sp=S, 


However, if all the depressions are filled with water to the point where they are level with the “flat surface,” the 
surface of the modified carbon black, S)4, will consist of the same “flat surface" S_ and the spherical areas of radius 
t belonging to the surface of the water which fills up the depressions, thus: 


Sy = S_-- apr? (9) 


Knowing S, for the original carbon black and taking the value of S,, from the B.E.T. equation calculated for anyone 
of the isotherms 2-5, we can calculate np™ ?, i.e., the ice surface which is accessible for the adsorption of nitrogen 
molecules. The values found are very close to the values of S; calculated additively, For example, for isotherm 5, 
Nyt? = 6,0 m/g, and S; = 4.1 m’/g, The values of Np andr may be calculated in the following way. Let us assume 
that all the preadsorbed water is located in the depressions and fills them completely, giving 


Knowing the value of np™ r? we find Np andr from Eq. (10). The isotherm 5 gives r ~ 40 A and np * 1 -10"7, i.e, 
~100 depressions on one particle, which in order of magnitude is quite probable, since the roughness coefficient of 
carbon black obtained in this way is « = 1,23, The micro-roughness scheme here considered turned out to be too 
much simplified, However, in spite of its poor quantitative agreement with experimental data, it gives a qualitative 
explanation of the nature of the changes observed in the specific surfaces, 


Probably, the adsorption of water on a carbon black surface is a more complicated process, involving filling of 
the micro-roughness of the carbon black surface, condensation between contacting particles, adsorption on the “flat 
surface" and possibly even some redistribution of the water molecules on cooling, In subsequent communications, 
we shall return to a more detailed discussion of the schemes presented, supported by additional experimental material. 


In conclusion, the authors recognize their pleasant obligation to express thanks to B. P. Bering, V. V. Serpinskii, 
and L, V, Radushkevich for valuable advice and discussion of the results of the investigation. 


SUMMARY 


1, The change in adsorption of nitrogen on a carbon black surface at —195° has been studied as a function of 
the quantity of preadsorbed water vapor, 


2. Analysis of the experimental data leads to the preliminary conclusion that the preadsorbed water does not 
form continuous adsorbed layers on the carbon black surface, 
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In a previous work [1] we have discussed the process of capillary condensation of vapors in a system of a large 
number of particles which are in contact with one another. The results obtained from this calculation, however, can 
be compared with experimental data only if the adsorption of vapor on the surface of (nonporous) contacting particles 
is taken into consideration as well as the capillary condensation, since the magnitude of the adsorption in the general 


case cannot, obviously, be ignored, Experimentally obtained sorption isotherms in some degree characterize super- 
position of the two sorption processes, 


In work by other authors [2] devoted to the sorption processes in systems of contacting particles, an analysis is 
given of the joint process of adsorption and capillary condensation, but the characteristics of the structure of these 
systems are expresses schematically and conditionally, Yet for even the simplest case of nonporous particles the real 
structural characteristics of the system may prove to be determining factors both for adsorption and for capillary con- 
densation, An investigation carried out by us (1] showed that three types of statistical distribution are characteristic 
of such systems: a) with respect to the size of the particles; b) with respect to the number of contacts per particle; c) 
with respect to the magnitude of the irregularities on the surface of the particles; the last two distributions depend 
on the first. Thus, the problem can be resolved in a well defined way if the distributions mentioned are known, But, 
since the information on them is still insufficient, we are not in a position to analyze quantitatively the whole process 
of sorption, This forces us to limit our description to a qualitative basis, 


The total magnitude of the sorption a per unit of mass of the system is the sum of the adsorption a, and the 
capillary condensation a, i.e., 


a=a, +a, (1) 


Obviously, a is a function of the relative vapor tension p/ps, since both of the contributing items depend on 
the magnitude of the latter, It is entirely permissible to assume that with rather small values of p/p, capillary con- 
densation is absent and consequently the second item in (1) becomes zero, i.e., under these conditions the process 
lies in the realm of pure adsorption, At elevated pressures both items may be commensurate, Finally, at large values 
of P/p, the magnitude of a, may become considerably less than that of a;,, for example, for smooth spheres tightly 
packed or for flattened particles which touch one another in areas of ultimate size, 


With an increase in the size of the particles both values a, and a decrease, as can be seen from our calcula- 


tions in the first communication [3]and will here be further shown, Thushighly dispersed systems on the whole have 
a greater sorption capacity per unit of mass, 


A change in the number of contacts occurs in going from loose systems to closely packed ones, obtained for 
example, by compression, 


Adsorption of Vapor in a System of Contiguous Particles 


Although in the case of nonporous particles adsorption takes place on their outer surface, for a description of this 
process in the general aspect it is insufficient to just know the adsorption isotherm obtained for an indefinitely large 


adsorbing surface, since the process in a given system is complicated by at least two causes; 1) starting at some rela- 
tive vapor pressure, with capillary condensation, part of the surface will be occupied by liquid sorbate and adsorption 
will proceed only on the remaining free surface of the particles, while the latter will continuously decrease with an 
increase in p/p_, which should be taken into account in describing the adsorption; 2) between the adsorption film and 
the edge of the meniscus of the liquid close to points of contact of the particles there is a transitional region of filling 
where the process cannot be described either by means of the theory of capillary condensation or by means only of 
polymolecular adsorption, Attempts to analyze this transitional region have not yet led to a final solution of this 
problem [4]. The main volume of the capillary-condensed material, however, is in direct proximity to the contact 
point, while the main mass of the purely adsorbed material lies at points removed from contact, Therefore in an 
evaluation of the total magnitude of sorption it seems possible to ignore the transitional region and to assume the 
summation of the two components of the sorption process, Thus, the first of the complications mentioned should be 


considered primarily. We shall limit ourselves here to systems of contacting particles of the same size with free 
packing, 


When two ideal identical spherical particles are in contact with each other, the surface of each of them which 
is lost for adsorption is a side surface of a spherical segment of height z», corresponding to the boundary position of 
the meniscus of the liquid at the point of contact, For a particle of radius R this surface is 


From simple geometric constructions it follows that 


if X9 = t9/R, where rp is the radius of the circumfernce of a principal spherical segment. For a given R the boundary 
position of the meniscus is characterized by a point of contact of the arc of a trochoid (or at p/p, = 1, that of an arc 
of a catenary) and a circle of radius R, Consequently x, can be determined for various values of B = C/R or of P/p, 
from data from the solution of the general problem of the capillary condensation between two spherical particles, 
The magnitude of x, has been calculated by us previously [3] for different values of 8. These results are given in 
the table, Hence the surface occupied by the meniscus on one sphere is 


S, 
The fraction of the surface of the sphere occupied by the meniscus is 


The values of s are given in the table, If a sphere is in contact on the average with v spheres, then the fraction of 
its surface lost for adsorption is vs, and the average free surface of a sphere on which the process of adsorption occurs is 


= S— vS, — (1 — vs) 


Let the magnitude of the adsorption of a given vapor on a nonporous adsorbent be a; mM/cm®, while a = f (p/Pps). 


Then obviously the magnitude of the adsorption on 1 g of packed spheres touching one another, taking into account 
the capillary condensation, is 


a, = (1 — vs) = a9(1—vs), (2) 
Poe 


where p_ is the density of the nonporous particles, and ay is the magnitude of the adsorption in millimoles up to the 


beginning of capillary condensation, when s = 0, i,e., ag = 3a, / Pp. From the preceding it follows that the average 
s is a function of p/p,, therefore 


a, = f (p/p) (1 (p/p,)}. (3) 


This expression is the equation of the adsorption isotherm for a system of contacting spheres, 
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It is not difficult to pass to rough particles or to particles of irregular shape. If the weight radius of such particles 
is A and the radius of curvature of the same surfaces is R, then the meniscus-free surface of the particles is 


So = 4n A? 


X = R/A ands has the previous significance; v is the number of contacts on the average on one particle, 


The equation of the adsorption isotherm for rough particles, in conformance with the previously written rela- 
tionship, takes the form 


= F (p/p.)\1 (4) 


Application of formulas (3) and (4) is possible tin those cases where the equations of the adsorption isotherm 
are known for the given structure of the surface of the adsorbent, i.e., where ( p/p,) and F(p/p,) are given, The 


function s = @ ( p/p.) in any case can be found easily, since from the table it is possible to find the values of s at 
different values of 6, right up to 8 = © at complete wetting, 


0,05 0,212 0,0114 0,60 0,548 0,0817 
0,10 0,282 0,0203 0,80 0,588 | 0,0957 
0,20 0,377 0,0369 1,00 0,614 0,1053 
0,30 0,437 0, 0502 1,50 0,652 0,1209 
0,40 0,482 0,0618 0,825 0, 2174 
0,50 0,518 0,0723 


Total analysis of the two formulas (3) and (4) shows that the magnitude of the adsorption decreases with an 
increase in the number of contacts occurring on the average on one particle, and also decreases when there is an 
increase in the area s occupied by the meniscus, which in turn increases with the relative vapor tension p/P,» as 


follows from the table, Furthermore, from (4) it is seen that for rough particles the decrease in a, is less than for 
smooth particles, since x is less than unity, 


Joint Course of Adsorption and Capillary Condensation Processes in Various Systems 
of Contacting Particles 


In considering the joint course of the adsorption process and capillary condensation in the systems under dis- 
cussion it is necessary to give attention to several factors which variously influence the total magnitude of sorption 
in different regions of relative pressure p/p,. In the simplest case of an uncomplicated process, where there are only 
separate meniscuses in the system, the magnitude of a; increases in proportion to the average number of contacts 


v, while ag decreases linearly with the increase in v; both conclusions follow directly from our formulas, We there- 
fore obtain for smooth spheres 


a = + V (1/49, —4)S), (5) 
where the expression in parentheses may be negative or positive. But in the case of smooth spheres Eq. (3) loses its 
meaning at vs > 1, The condition vs = 1 corresponds to that position of the meniscuses on the sphere where they 
touch one another, as a result of which adsorption in general should not occur, Even with not very tight packing 
this condition is reached at some value of p/P, < 1, after which the process enters into a new stage where successive 
filling by the liquid of the spaces between the spheres lying outside the region of contact occurs, It can be shown 
easily that when v = 6 for benzene, touching of the meniscuses for particles of R = 1+10~® cm takes place at p/p,* 
0.95, If v = 12, then for 8 = 0,8,vs> 1 for the same particles, and the boundary position of the meniscuses, 
where they touch, approaches that for p/p, = 0.7. Consequently for ideally smooth spheres the capillary condensa- 
tion in the region of still small p/p, proceeds by a different mechanism, where Eq. (5) for different meniscuses is 


not used; for sufficiently tight packing the part of adsorption in the total sum is very small, as is seen from the 
formulas, 


Another situation occurs in the particles that have some degree of roughness or have an irregularity of a specified 
type. The factor x? which enters into Eq. (4) shifts the region of contact of the meniscuses far in the direction of 
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10p/f, 
Schematic view of isotherms of adsorp- 
tion (a,) and capillary condensation (a) 
for two types of systems: ideal spherical 
particles (1); rough particles (2), 


the two values a 


nor accurate, 


samples, 


large p/p, Close to p/p, = 1, and cases are entirely possible where toughing of the meniscuses and filling up of the 
spaces between the particles does not occur, Thus at a degree of roughness x = 0.5 and v = 12 for B = © (p/p, = 1) 
we haves,,= 0.2174 and then  Vs=0,6522, i.e., the surface remains free for adsorption and touching of the menisc- 


1, An evaluation has been given onthe adsorption of vapor in systems of contacting particles and general equa- 


tions have been derived for the adsorption isotherms taking into account the decrease in surface when liquid menisc- 
uses are formed close to the points of contact, 


uses does not occur (a,/ a) = 0.3478), If the roughnesses are relatively 
small, for example if x = 0,1, then the correction x? vs in formula (4) 
in general can be ignored in comparison with unity and adsorption pro- 
ceeds according to the equation of the adsorption isotherm given for an 
indefinite surface of a nonporous adsorbent, 


The considerations stated show that if we limit ourselves to non- 
porous particles, then we should distinguish two very distinctly expressed 
types of structure which should lead to two forms of isotherms of sorption 
consisting of strict adsorption and of capillary condensation, Systems of 
rough particles where R/A << 1 are practically “pure” with respect to 
adsorption, since for them capillary condensation over almost the whole 
region of filling may be negligible. These systems should be charac- 
terized by the slight dependence of the magnitude of adsorption on pack- 
ing, i.e., on the average number of contacts per particle, Furthermore, 
sorption hysteresis, which apparently is due to the complex filling of the 
voids between the particles, should be very weakly expressed in such sys- 
tems and may be entirely absent in them. 


Systems of smooth spheres or, more accurately, of particles with 
a negligible degree of roughness are the second type of structure where 
considerable capillary condensation of vapors may take place along 
with the sorption process, It is especially noticeable here in the region 


of large values of p/p,, where the magnitude of the adsorption is greatly decreased because of the decrease in free 
surface of the particles and the process of capillary condensation, proceeding through the stage of separate menisc- 
uses, is complicated by their merging and filling of the voids between the particles, In these systems the sorption 
process should depend greatly on the tightness of packing of the particles; with an increase in the number of contacts 
g and a; increase, as follows from our formulas, In the region of high values of p/p, a more or less 
marked hysteresis should occur in the isotherms, Both types are shown in the schematic Fig, 1. Obviously the possible 
diversity of the systems is not limited to these types of structures, since various intermediate forms are admissible, 
and the more so because the determination of the irregularities of the particles introduced by us is neither universal 
Finally, it is necessary to note the role of compression in preparing samples of sorbents for experi- 
ments, Unfortunately insufficient attention has been given to this question up to the present time, However, experi- 
mental data [5] and also simple considerations show that even with a rather high density of loose bodies the average 
value of v, the number of contacts per particle, usually does not exceed 8, but for polydispersed systems it may vary 
within wide limits, But it still is necessary to have in mind that v is a function of the distribution in a layer and this 
distribution may prove to be a determining factor in the course of the sorption process, causing specific phenomena 
[6] in loose bodies, In any case the sorption process in powdery sorbents is rather complex and does not at all permit 
well defined treatment. We therefore share completely the ideas of Pierce et al, [2] about the uncertainty of the 
data on thickness of sorption films on free surfaces of sorbents, since these results are based on isotherms for powder 


SUMMARY 


2, In describing the two processes of adsorption and capillary condensation two types of structures should be 
differentiated; in one of them the adsorption process is expressed in the purest form where the system consists of rough 
particles, while in the other the process may be considerably complicated by capillary condensation if the system is 
obtained by the contact of smooth spherical particles with vanishingly small irregularities. Two forms of sorption 
isotherms which differ considerably from each other corresponds to these two types, 


1 
a, 
05 1000, 
a 
= a, a, 
a, 
914 


LITERATURE CITED 


L. V. Radushkevich, Izv, AN SSSR, Otd, Khim, Nauk 1961, No, 5, 

R, T. Davies and T. W. DeWitt, J. Amer, Chem, Soc, 70, 1135 (1948); P. C. Carman and F, A, Raal, Proc, Roy. 
Soc. A 209, 59 (1951); J. S. Shereshefsky and E. R. Russel, J. Phys. Chem. 57, N 7, 660 (1953); C. Pierce, J. Mooi, 
and R. E, Harris, J. Phys, Chem, 62, N 6, 655 (1958). 

L. V. Radushkevich, Izv. AN SSSR, Otd, Khim, Nauk 1952, 1008, 

B. V. Deryagin, Dokl, SSSR 113, No, 4, 842 (1957), 

W. Smith, P. Foote, and P, Busang, Phys. Rev. [2], 34, 127 (1929), 

L. V. Radushkevich, Doklady Akad, Nauk SSSR 57, No, 5, 471 (1947). 


All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
ations of the abbreviations as given in the original Russian journal. Some or all of this peri- 
odical literature may well be available in English translation. A complete list of the cover-to- 
cover English translations appears at the back of this issue. 


1. 
2. 
3. 
4, 
5. 
6. 
915 


MECHANISM OF CARBON FORMATION IN THE DECOMPOSITION 


OF METHANE, ETHANE, ETHYLENE AND ACETYLENE ON 
SILICA GEL 


A. P. Rudenko, A. A. Balandin and M. M. Zabolotnaya 


M. V. Lomonosov Moscow State University 

Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, 
No. 6, pp. 989-995, June, 1961 : 

Original article submitted July 1, 1960 


It was shown earlier [1] from the results of our preceding investigations that the number of possible mechanisms 
of carbon formation for the decomposition of an organic compound is determined by the number of carbon forming 
materials of different chemical types which may be both the original materials and the products obtained from their 
earlier conversion, The change from one mechanism of carbon formation into another is realized when the variation 
in the conditions is such that one carbon forming material disappears and another appears or where the process of 
carbon formation from one carbon forming material is inhibited and is dependent on the other, Each mechanism of 
carbon formation which we studied earlier, represented the process of polycondensation of carbon forming material 
resulting in the formation of more and more complex polycyclic macromolecules — carboids composing the carbon 
substance, In the pyrolysis of methane we observed one carbon formation mechanism [1]. In this case, since a cer- 
tain quantity of ethane, ethylene and acetylene was obtained as well as carbonaceous substance and hydrogen it was 
of interest to study the process of carbon formation in the decomposition of these hydrocarbons, as well as methane, 
under comparable conditions and to determine the importance of each of them as a carbon forming material, 


EXPERIMENTAL 


The procedure used in the work was the same as that described earlier [1, 2], The experiments were carried 
out at atmospheric pressure in a catalytic apparatus, in a flow system, the apparatus containing a detachable quartz 
reactor, Silica gel (KSM), particle diameter 1-2 mm, used as the charge, was placed in the reactor, In each test 
5 ml of fresh silica gel was taken, The carbonaceous material obtained was directly calculated by weighing the 
reactor with an accuracy of 0.0001 g, The tarry products were collected and quantitatively determined with an 
accuracy of about 1% of the amount being determined, The rate of evolution of the gaseous products was determined 
with the aid of a Patrikeev recording gas meter, In each experiment the contact gases were completely analyzed by 
means of a chromatographic method, the volumes of the 
separated components being read visually. The feed veloc- 
ity of the original hydrogen was about 0.06 mol/hr which 
was controlled by a flow gauge. The composition of the 
original hydrocarbons are given in the table. 


Composition of Original Hydrocarbons in Volume % 


Components 


Original 

hydro- 

carb 
— Methane and acetylene were drawn from cylinders of 


the gases. Ethane and ethylene were synthesized: ethane, 
Methane 0 
Siiens 0 by the electrolysis of a solution of sodium acetate with sub- 
Ethylene a sequent purification of the gas in the appropriate absorbents 
Acetylene 99.5 and by means of low temperature fractionation; ethylene by 


the dehydration of ethyl alcohol over aluminum oxide at 
400°C followed by purification. 


High Temperature Mechanisms of Carbon Formation 


It follows from Fig. 1, that the rate of carbon formation in the decomposition of methane increases smoothly 
with a rise in temperature and in the same way, the yields of the tarry products increase. The composition of the 
contact gases also gradually alter (Fig, 2A), These properties are evidence of the existence of only one mechanism 
of carbon formation in the decomposition of methane as was shown in the earlier investigation [1]. 
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In the case of ethane, ethylene and acetylene, on the contrary, the rates of carbon formation undergo abrupt 
changes in temperature regions specific for each of these hydrocarbons (cf. Fig, 1A); the yields of the tarry products 
also pass through maxima at temperature regions specific for each hydrocarbon (Fig, 1B); and the gas composition 
undergoes sudden intermittent changes in the curves with increase of temperature (Fig, 2B, C,D). In support of this 


Fig. 1. (A) Variation of carbon forma- 
tion with temperature and (B) yield of 
tarry products with temperature (1A, 
conversion of original hydrocarbons 
into carbon and 1B into tar, in%) by 
decomposition on silica gel, 1) 
Methane; 2) ethane; 3) ethylene; 4) 
acetylene, 


conclusion analogous observations have been reported earlier with a change 
in the mechanism of carbon formation with the decomposition of alkyl 
benzenes, naphthenes, higher paraffins and alcohols on catalysts [1-4]. 
Thus, in the case of ethane, ethylene and acetylene it is possible to take 
note of two mechanisms of carbon formation: low and high temperature 
transformation where a change occurs in the following temperature ranges: 
875-910°, 810-850°, 620-750° correspondingly. 


It should be noted that the maximum formation of tar in the case 
of ethane, ethylene and acetylene, depending on the temperature range, 
coincides with the upper limits of these given range for the change in the 
mechanism of carbon formation (cf, Fig, 1A and 1B) i.e., after passing 
through the maxima the rates of tar formation begin to decrease suddenly 
with increase of temperature with a parallel abrupt increase of the rates 
of high temperature carbon formation, The latter condition may be ex- 
plained by the fact that aromatic hydrocarbons * which are present in the 
tarry products are the carbon forming materials in the high temperature 
mechanism, However, in practice, the complete coincidence of the car- 
bon formation curve for the high temperature mechanism in the case of 
ethane with the carbon formation curve for methane (cf, Fig. 1A) and the 
small yields of tarry products in comparison with the carbonaceous sub- 
stances makes us think that the tarry products are not the only carbon form- 
ing materials in the high temperature mechanism of carbon formation, 
Comparison of the composition of the contact gases obtained by the de- 
composition of ethane and methane in the temperature range of the high 
temperature mechanism (above 910°) shows how close they are, both by 
quantitative ratio of the components and by the direction of the change 
in gas composition with temperature (cf, Fig. 2A and 2B), This in its turn 
is evidence that the carbon forming material and the mechanism of carbon 
formation in this temperature region for ethane and methane used as the 
initial hydrocarbons, are the same, Consequently, in the case of the high 
temperature mechanism of carbon formation from ethane, the previously 
produced aromatic tar and methane are the carbon forming materials, 
whereas with an increase in temperature, the proportion of the tar as the 
carbon forming material decreases but the proportion of methane increases, 


Thus, on the basis of comparing the rates of carbon formation from ethane and methane (cf, Fig. 1A) the proportion 


of tar as carbon forming material may be approximately estimated as 50% at 910° (lower limit of the high tempera- 
ture carbon formation) 18% at 950° and 0% at 975°, 


In the case of high temperature carbon formation from ethylene and acetylene, methane is also obviously a 
carbon forming material along with the aromatic tars which is proved by the diminishing proportion of methane in 
the hydrocarbon part of the contact gases (cf, Fig. 2C and 2D), However, comparison of the rates of carbon forma- 
tion from these hydrocarbons and from methane in the region of the high temperature mechanism (cf, Fig. 1A) shows 


* The tarry products give very pronounced qualitative reactions for aromatics with concentrated sulphuric acid; they 
give a green fluorescence in benzene solutions — a property of condensed aromatics; the major constituents in certain 
cases is naphthalene separated from the tar by crystallization and identified by its melting point in the pure form and 
by the mixed melting point. The presence of different condensed aromatic hydrocarbons; naphthalene, diphenyl, 


phenanthrene, anthracene etc., in the tarry products from the pyrolysis of the compounds which we investigated, has 
been reported earlier in numerous investigations [5-11 and others]. 
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Fig. 


. Constituents of the contact gases; 1) hydrogen; 2) methane; 3) ethane; 4) ethylene; 5) acetylene, 


(D) on silica gel 


that the proportion of tar as the carbon forming material in the case of 
ethylene and acetylene is significantly more than in the case of ethane, 
Thus, at 750° for acetylene it equals 98%; at 850° for ethylene it equals 
64% and for acetylene 87%; at 950° it equals 27% for ethylene and it 
equals 39% for acetylene, Thus, it is clear that the proportion of tar in 
high temperature carbon formation increases in a series of hydrocarbons 
as starting materials — ethane, ethylene, acetylene, and it decreases with 
an increase in temperature, 


In the case of methane obviously only high temperature mechanism 
of carbon formation occurs — with the carbon forming material being 
methane, The aromatic tars in this case evidently play almost no part 
as a carbon forming material. This is confirmed by the insignificant 
rate of their formation compared with the rate of carbon formation 
and the even increase in the yield of tars with an increase of tem- 
perature and of the rate of carbon formation (cf. Fig. 1,A and B), as 
distinct from the fall in the tar yields in the region of the high tem- 
perature mechanism of carbon formation in the decomposition of the 
hydrocarbons —ethane, ethylene and acetylene used as starting ma- 
terials, when the tars are consumed as the carbon forming material. 
Thus, in all the cases considered either the aromatic tars and 
methane are the carbon forming materials or methane alone. 


The formation of carbonaceous material from aromatic tars by the 
high temperature mechanism is easily presented in the form of a multi- 
stage process of the dehydrocondensation of aromatic hydrocarbons; naph- 
thalene, phenanthrene, and anthracene, tetracene and others, the con- 
stituents being available in the form of tar, analogous to the multi-stage 
process of the dehydrocondensation of benzene [12]. In this way, by the 
elimination of hydrogen, more and more condensed polycyclic macro- 
molecules of hydrocarbons—carboids are obtained, present in the com- 
position of the carbonaceous material (cf, flow sheet), 


High molecular weight 
polycyclic aromatic 
Polycondensation hydrocarbons—carboids, 
(multistage de- making up the carbon- 
hydrocondensa- aceous substance 
tion) 


Condensed aromatic 
hydrocarbons (tars) 


The increase in the hydrogen concentration in the contact gases and 
the decrease in yield of tars with increase in temperature confirm that 
this picture of the mechanism is correct, 


The formation of carbonaceous material directly from methane 
by the high temperature mechanism may be presented as the multi- 
stage dehydrocondensation of methane with the carbonaceous substance 
and aromatic tars, In this case, when the aromatic tars cannot ensure 
that carbon formation occurs by acting as the carbon forming material, 
then their importance in the process is reduced to being the nuclei of 
the macromolecules of the carbonaceous substance with which the de- 
hydrocondensation of methane also occurs (cf, scheme), 


Methane + con- High molecular weight poly- 

densed aromatic Hg: —C2Hp: cyclic aromatic hydrocar- 

hydrocarbons and others bons— carboids composing the 
Polycondensation |carbonaceous substance 
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The preliminary formation of the aromatic condensed hydrocarbons, required as the nuclei, obviously occurs due to 
the conversion of the methane into ethane and ethylene which in fact are present in the contact gases beginning from 
a temperature of 700° (cf, Fig. 2A). The formation of ethane and ethylene from methane at comparatively low tem- 
peratures has also been reported by other authors (10, 13], It is of interest to note that acetylene, which only appears 
in the decomposition products of methane at a temperature above 875° (cf, Fig. 2A), in this case, cannot be con- 
sidered as a possible tar forming and carbon forming material, but is in fact a secondary product of the carbon forma- 
tion. The concentration of acetylene increases with an increase of temperature, while, if the examples of the de- 
composition of ethane, ethylene and acetylene used as starting materials are considered, it can be seen that acetylene 
cannot be obtained in the free form in contact gases at temperatures above 800° but is completely converted into 
carbonaceous substance and tar (cf, Fig. 2B, C, D). A possible explanation of this fact may be that acetylene (and 
hydrogen) is liberated in the polycondensation process of methane with carbonaceous material and that the polycon- 
densation of acetylene with the carbonaceous substance because of energy considerations is less favored at high tem- 
peratures than the polycondensation of methane, There are certain facts known which are in accord with this explana- 


tion, namely the increase in the concentration of acetylene with increase in the pyrolysis temperature of methane 
(11, 14}. 


Low Temperature Mechanisms of Carbon Formation and Production of Aromatic Tars. 


In the decomposition of ethane, ethylene and acetylene by the low temperature mechanism of carbon forma- 
tion, the aromatic tars are obviously not the carbon forming material because a noticeable consumption of tars in 
carbon formation is only observed when the high temperature mechanisms of carbon formation come into force, An 
increase of temperature in the regions where the low temperature mechanisms of carbon formation operate, brings 
about a simultaneous increase in the rate of tar formation and carbon formation (cf, Fig. 1A and 1B), which indicates 
the parallelism of these processes, Comparison of the rates of carbon formation from ethane and ethylene and the 
composition of the gaseous products in the region of low temperature mechanisms of carbon formatim (cf, Fig, 1A 
and Figs, B and C) show that the carbon forming material here is ethylene, previously obtained from ethane or the 
original stock, In fact, in practice, no carbon formation from ethane occurs before 750° until the concentration of 
ethylene in the gases is increased to 30-35% (cf. Fig. 1A and 2B), At the same time, in the case of ethylene as the 
starting material carbon is deposited at a high rate, beginning from 700° (cf, Fig. 1A), The same phenomenon is 
observed for tar formation from ethane and ethylene (Fig, 1B). Thus, only in the presence of a determined concen- 
tration of ethylene in the gases will an increase of temperature cause a significant increase in the rate of carbon and 
tar formation both occurring together by similar mechanisms with only one material, ethylene, being the carbon and 
tar forming material. The concentration of ethane, obtained from ethylene as starting material is a constant value 
(approximately 10%) in all regions of the low temperature mechanism and consequently in both cases ethane is ob- 
viously not the carbon forming material, It is also necessary to consider the case of acetylene to reach the same 
conclusion about the processes occurring in carbon formation since it is completely absent in the decomposition prod- 
uct of ethane and is found in insignificant quantities in the decomposition products of ethylene (cf. Fig. 2C, and 2D), 


In the low temperature region of carbon formation from ethane and ethylene increased concentrations of hydro- 
gen and methane are found in the contact gases, Moreover it is necessary to consider the fact that the concentrations 
of these products are comparable and significant and that their yields increase together with increase of temperature, 
indicating that an increase in the yields of the carbonaceous material and tars occurs (cf. Fig. 1A and 1B, 2C and 2D), 
Obviously, this type of relation occurs because both methane and hydrogen to a significant extent are obtained in the 
process of polycondensation of ethylene, leading to the carbonaceous material and tars, As concerns hydrogen, its 
loss in carbon formation processes in the decomposition of hydrocarbons is a usual phenomenon, The release of 
methane in the carbon formation process is a rarer case; we observed this in the polycondensation of propylene ob- 
tained from isopropyl alcohol at 600-776° [15], The case under consideration of low temperature carbon formation 


from ethane and ethylene represents only one example when the loss of methane occurs together with dehydrogena- 
tion, 


From the results obtained, the process of low temperature carbon formation and the production of aromatic tars 
in the decomposition of ethane and ethylene may be represented by the following flow sheet: 


Aromatic condensed hydrocarbons 
—4n*CHy; | (tars);shigh molecular weight poly- 
—5.5n* He —2n-H» cyclic hydrocarbons~ carboids, 
5.5n*CoHy composing the carbonaceous ma- 
terial 


5.5n°*C 
Polycondensation 


Dehydrogenation 


It follows from the analysis of the results represented in Fig, 1A, 1B and 2D that the acetylene stock itself is the 
carbon and tar forming material in the decomposition of acetylene by the low temperature mechanism, The increase 
in the rate of carbon formation with increase of temperature occurs only at temperature less than 620° when the acetyl- 
ene concentration in the gases decreases to 25%, Above 620° the transitional region between the low and the high 
temperature mechanisms with inhibition of carbon formation begins, No effect on the rate of increase of tar yield 

is revealed at this temperature limit (620°); the tar yields continue to increase to 750° up to an upper temperature 
limit of the transitional region, This difference in the shape of the curves of the rates of carbon and tar formation 
from the one material is evidence that direct polycondensation of acetylene into carbonaceous material by the low 
temperature mechanism is only possible at its higher concentrations, but the polycondensation of acetylene into aro- 
matic tars is also possible with insignificant concentrations of free acetylene, Consequently, above 675° when free 
acetylene is completely absent in the contact gases (cf, Fig. 2D) any acetylene which is injected into the reaction 

is converted into aromatic tars, In other words, if each polycyclic molecule of tar is considered as the nucleus of a 
new macromolecule of the carbonaceous material, then by reducing the concentration of the free acetylene below 

25% the formation of new nuclei proceeds more rapidly than the growth of each of them. Just as in the case of 

ethane and ethylene, in the mechanism of low temperature carbonization from acetylene the variation in the rates 

of carbon and tar formation and in the increase of the concentration of methane and hydrogen in the contact gases 
proceed in parallel (cf, Fig. 1A, 1B and 2D), The concentrations of ethane and ethylene in the same temperature 
region are not high and as distinct from the methane and hydrogen are practically constant (cf, Fig. 2D). Obviously, 


in thiscase also methane and hydrogen are obtained in the process of polycondensation of acetylene leading to the 
formation of aromatic tars and the carbonaceous substance. 


The process of low temperature carbon formation and the production of aromatic tars on the decomposition of 
acetylene on silica gel may be given in the following flow sheet: 


Aromatic condensed hydro- 
carbons (tars); high molecu- 
lar weight polycyclic aro- 
matic hydrocarbons— carbo- 
ids, composing the carbon- 
aceous substance 


—1n- Ho; —in*CH, 


3.5n*CeH, Polycondensation 


With increase of temperature prior to the transitional region to the high temperature mechanism of carbon 
formation, the conditions for removal of methane in the polycondensation processes of ethylene and acetylene ob- 
viously become unfavorable and the methane itself acquires the capacity to be dehydrocondensed with the carbon- 
aceous material which results in a decreased concentration of methane and an increase in the concentration of hydro- 
gen in the contact gases (cf, Fig. 2B, 2C, 2D), The polycondensation of methane which is obtained with aromatic 
tars and carbonaceous material in the high temperature mechanism of carbon formation is a complete vindication 

of the theory which has been proposed, A certain gradual transition from the low temperature mechanism of carbon 
formation to the high temperature mechanism is also characterized by the fact that in the transitional regions of 
carbon formation in the decomposition of ethane, ethylene and acetylene the process has a considerable tendency 

to take place with the tar being the carbon forming material, This feature is noticeable in the case of acetylene 


when there is 100% carbon formation at the upper limit of the transitional region due to the polycondensation of 
the aromatic tars, 


SUMMARY 


1, The existence of one mechanism of carbon formation in the decomposition of methane (over the range 
450-1000°) has been confirmed and the existence of two mechanisms of carbon formation (low temperature and high 
temperature) in the cases of the decomposition of ethane, ethylene and acetylene has been shown, 


2, The high temperature mechanism of carbon formation represents the polycondensation of the previously 
obtained aromatic tars and methane, The proportion of the tar fraction as the carbon forming material in compari- 
son with methane increases in a series of hydrocarbons used as starting materials (i,e., methane, ethane, ethylene 
and acetylene) and decreases with increase of temperature. 


3, The low temperature mechanism of carbon formation and also the mechanism of tar formation represents 
the polycondensation of the original, or previously obtained, ethylene and acetylene, These processes occur in paral - 
lel and include a stage of dehydrogenation and the removal of methane. 
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We have undertaken an investigation of the effect of component ratio and thermal treating conditions on the 
catalytic properties of AlzO;—Cr,O,, in an expansion of analogous studies with NiO— Al,O, [1] and FezO,;—A1,03 [2] 
which were conducted with isopropanol and which made it possible to reveal and explain specific features of the be- 
havior of these systems on the basis of determining their phase composition and structure [3, 4]. As is well known, 
alumina— chromium catalysts are utilized not only for alcohol decomposition, but also for condensation reactions of 
acetaldehyde with ethanol, dehydrocyclization of paraffins, dehydrogenation of alkylbenzenes and paraffins, and 
several other processes, These fields of application have been taken up in recently published reviews [5, 6] covering 
all of the basic literature on alumina -chromium catalysts, The phase composition of alumina— chromium was first 
established very recently [7]. No determination of specific activity has been performed in any of the work with 
Cr2,03—Al,03. This also was one of the tasks of the present work, A second task was the characterization of the 
selectivity of action in the two parallel reactions of dehydrogenation and dehydration, A structural investigation was 
conducted simultaneouly, described in more detail in another communication [8]; here we utilize only the data on 
the magnitudes of specific surface, Let us note also that it was necessary to obtain data on the specific activity of 
the Al,O,;—Cr,0, to evaluate the influence of K,O in KzO-promoted alumina—chromium catalysts, the specific 
activity and structure of which had been determined previously in our laboratory [9]. 


EXPERIMENTAL 


All of the catalysts were prepared from a single batch of the original salts (ch,d,a.) [analytically pure], A solu- 
tion of weighed amounts of aluminum and chromium nitrates in distilled water was brought to a volume of 1.5 liters, 
and the hydroxides were precipitated at room temperature with vigorous stirring, slowly adding the calculated amount 
of 10% ammonia solution, The precipitate was allowed to stand for one day, after which the solution pH was deter- 
mined (LP-5 potentiometer), The precipitate was washed 4-5 times by decantation and centrifuged, and then was 
vacuum-filtered on a Buchner funnel, formed by pressing through dies, dried in air for one day, and then dried in a 
drying cabinet at 110°, Individual portions of the hydroxide mixture of each composition were calcined at 450 and 
600° for six hours, cooled in a desiccator, and stored under conditions preventing moisture access, For determining 
the "residual" water* small weighed samples were calcined at 1000-1100° for six hours. The size of the calcined 
catalyst grains varied between 1 and 3 mm in length with a diameter of 1 mm. Analysis (iodometric) of the catalysts 
for Cr,O, content gave good agreement with the calculated compositions, The method described was also used to 
make preparations of the catalyst components, pure Al,O,; and Cr,O3. The investigations of the phase composition 
and texture of the catalysts that were prepared was described in [8]; the determination of the magnitudes of the specific 
surface in this work was carried out by measuring benzene vapor adsorption at 20° on a MacBain balance. These mag- 
nitudes are shown in Table 1 along with other characteristic properties of the catalysts prepared. In the catalysts con- 


taining Cr,0,> 25% a rapid decrease occurs in the magnitude of specific surface and residual water content (450° 
series), 


The experiments were conducted with absolute i-C;H,OH, n°D 1.3775, The determination of activity was 
carried out through 4-5 experiments at the given space velocity and temperature in the range of 245-320° in 15° 
intervals, returning after each cycle to a lower temperature, and also through 2-3 experiments on a fresh sample 
at another space velocity, In those cases in which the degree of conversion was very high, no experiments were 


* These data are approximate, since part of the weight losses is caused by splitting off oxygen from the chromates 
formed in the thermal treatment, 


conducted at the higher temperatures, With pure chromic oxide (samples I-III) experiments were conducted at higher 
temperatures, owing to its low activity at the low temperatures, The experimental data on the determination of 
activity are shown in Tables 2 and 3, The method of obtaining these data (flow system) was the same as in[1, 2, 9]. 
In all experiments the catalyst volume was 2 cm, The alcohol feed space velocities were 2,3 and 3,2 hr~ for the 
series of catalysts calcined at 450°, and 2,1 and 3,5 hr™ for those calcined at 600°, The catalyst containing 75% 
Cr2O, and calcined at 600° was also used in conducting experiments at a space velocity of 6,2 hr~’, In all experi- 
ments, before starting the measurements, the gas was displaced from the apparatus by the products of i-C,H7OH de- 
composition at the test temperature for 0.5-1.5 hr, depending on the catalyst activity, The reaction rate was judged 
by the volumes of propylene and hydrogen, reduced to normal conditions (NTP). The gases were analyzed in a VTI-2 
apparatus, In addition to CgHg and Hg, the gas mixture contained small(0,2-0.4%) quantities of COg. No significant 
carbonization of the samples was observed, The reproducibility of the experiments in the 600° series was somewhat 
better than in the 450° series, In the majority of cases the divergence between the first experiment and the repeats 
did not exceed 10% of the values obtained in the first experiment, 


Certain catalysts (3, 15, and 100% Cr,O5) were prepared with differing final pH values in the precipitation, 


The properties of these preparations at a given Cr2O, concentration [with varying pH] differ markedly, as is evident 
from Tables 1-3, 


TABLE 1, Characteristic Properties of Catalysts Investigated 


pH of | Residual water, % Bulk density | 
content, j|precipi- _ (600° series) . 


mole% {tation | 450° | g/cm3 450° 600° 
0(A1,03) 6,8 3,4 0,9 0,82 200 190 
1,0 7,6 3,9 aaa 0,73 282 204 
3,0 (I) 6,4 4,0 ee | 0,85 217 221 
3.0 (Il) | 7.6 4,9 2°0 260 256 
5,0 ae 4,2 3,2 0,65 309 297 
10,0 7,0 5,0 a0 0,82 288 312 
15,0 (1) 1,9 3,8 3,4 0,54 298 255 
15,0 (II) 6,7 6,1 2,0 0,73 284 320 
25,0 7,4 6,2 1,9 0,92 261 241 
50,0 6,8 2,9 1,5 0,94 240 142 
75,0 7,4 2,4 1,4 0,98 103 66 
90,0 6,8 i,2 1,4 1,00 32 28 
400,0 (1) 818 1'0 112 0°57 20 29 
400;0 (II) 7.0 "4 1'0 4°45 16 
100,0 (III) 8,0 1,4 1,6 1,02 21 14 


Discussion of Experimental Results 


As is evident from Table 1, the catalysts of both series contained a varying quantity of residual water, A com- 
parison of residual water content vs, catalyst composition is made in Fig, 1, It shows in general a similar path of 
the curves for the series of catalysts calcined at 450 and 600°, the water content in the 450° catalysts being approx- 
imately double that in the 600° catalysts except at high Cr2O; contents, where this difference disappears completely, 
From Fig, 1, it is evident that the sharpest change in residual water content takes place at a high Al,O, content and 
that there is a distinct maximum in the curves near 15% CrgO3 (85% Al,O,); this maximum is evidently caused pri- 
marily by the dependence of specific surface on catalyst composition, as evidenced by comparing the shape of the 
curves in Fig, 1, with the data of Table’1: The specific surface also passes through a maximum in the region of 10- 
20% CrgO3. On the basis of these analogous changes, it can be presumed that the residual water in the catalysts is 


concentrated mainly at the surface, and that this is chemisorbed water, forming surface OH groups, thus explaining 
the difficulty of its removal from the catalysts, 


The magnitudes of the reaction rate constants were calculated by the Balandin—Bork equation [10] 


N°m 


‘* 


from the data of all the experiments, These magnitudes, which are shown in Table 4, were used for calculating 
catalyst. specific activities, However, in view of the high degree of conversion (> 30-35%) in a number of experiments, 


the constants calculated from the data of these experiments are only approximate nominal values, The correspond- 


ing magnitudes are shown in Table 4 in bold-face type; they were not utilized in calculating the magnitudes of activa- 
tion energy for the reactions, 


TABLE 2, Activity of Catalysts Calcined at 450° 


content i 
catalyst 


34 60 84 . 
32 58 75 
14 33 62 82 
3 (1) | 44 | 0 meio 
45 30 64 87 
5 — | —| % 3,5| 443 | 2,3] 478 | 20); — | — | — | — 
26 | 1,2! 38 0,7] 61] 0,6 
-| 13 | 4,3] 30 | 2,6] 56 | 2,3 
(1) | — | 57 | 5:1] 448 | 186] 8,3; | | — — 
19 | 14,7| 40 | 2,0| 63 | 2,7 
| — —|— | 62 | 40,4] 103 | 13,8] 164 — | — 
2 | 3,5| 35 | 5,0] 56 | 6,0 
45 | 35 | 4,0) 57 | 6,4 
50 | 47,2) 8 | 22,8] — | — 
9 | 5,8| 27] 45 | 7,0 
15 —|—-| — | — 
8 | 14 | 25 |414,0 
11 | 10 18 | 11 29 | 43 


|} — | —| 
400 (III) 


| 
| 
| 
| 
| 


Note: In this and the following tables the upper line for each catalyst shows the vol- 
umes of CgHg and He (in ml NTP) formed per ml of alcohol throughout, The lower 
line represents the degree of conversion in percent, 


The values obtained for reaction rate constants for both series 
of catalysts with degrees of conversion up to 30-35% are approx- 
imately proportional to the degrees of conversion (compare Tables 
2,3, 4), At the indicated degrees of conversion the dehydration 
reaction rate is independent of the alcohol feedstock space veloc- 
ity, It was shown by special experiments using the 75% Cr2O, cata- 
lyst calcined at 600° that the propylene yield at 275 and 290° re- 
mains constant (within the limits of error) with a change in space 
velocity from 2.1 to 6.2 hr, When 320° is reached, the propylene 
yield increases with an increase in space velocity, Thus, in our 
experiments a zero order of reaction is observed for the dehydra- 
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Residual water, % 


0 20 40 50 4 100 
Cr,03 content, % 


, , tion reaction at degrees of conversion up to 30-35%, For the de- 
Fig. 1. Variation in residual water content 
: : hydrogenation reaction this relationship is less clearly expressed, 
in alumina— chromium catalysts depending 
: apparently in view of the low degrees of conversion in this direc- 
on composition, 


tion in the majority of the experiments and the consequently larger 
error of the experiments and the analytical determinations, 


The catalyst containing 75% Cr,O, was used in conducting a series of experiments to ascertain the influence 
of grain size, i,e,, the influence of diffusion, on the reaction rate, Experiments conducted at 275 and 310° with 


1 290° | 305° 320° 
H, | C,H, | cat. | H, | cat | H, cat | H; 
] 17 20 
| 18 25 
60 450° 
e §00° 
/ 
0 
| ° 
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catalyst grains (1) length 3 mm, diameter 1 mm (2) length 1 mm, diameter 1 mm, and (3) 0,1-0,3 mm particles 
showed that the reaction rates were identical in these three cases; hence, it follows that our basic experiments were 
conducted in the kinetic region, 


TABLE 3, Activity of Catalysts Calcined at 600° 


260 320 335 


0(A1,053) 164 | 0 
56 


3 
3 (Il) 


— 


= 


400 (I11)* 


8 7 
6 2 
3 8 
5 6 
7 
3 3 
0 6 
4 7 
8 2 
1 8 
0 2 
0 7 
0 0 
0 0 

3 

9 


* The Cr2O, samples I, II, and III were also tested at 350°, giving degrees of con- 


version (respectively): C3Hg 15,8, 27.5, and 25.6%; Hz 18.1, 30,1, and 30.0%. 
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Fig. 2, Dependence of degree of conversion on composition of Al—Cr catalysts: 
A) 450° series; B) 600° series, Solid curves — dehydration; dashed curves- dehydrog- 
enation. 

The magnitudes of the apparent activation energy of dehydration calculated from the rate constants by the 
Arrhenius equation change only slightly on going from the 450° series to the 600° series or on varying the catalyst 
composition within each series, and on the average are equal to 27-28 kcal/mole for the 450° series and 32 kcal/mole 
for the 600° series, This magnitude which we found for the activation energy of isopropanol dehydration on alumina— 
chromium catalysts is somewhat lower than that determined for the same reaction on pure chromic oxide (II), 
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TABLE 4, Magnitudes of Rate Constants for Dehydration and Dehydrogenation of Iso- 


propanol (k-1074) on Catalysts Calcined at 450° (first line in each square) and at 600° 
(second line) 


lyst ,% Il, CAH, Il, Il, C,H, Il, CH, 


— 


0 (Al,O,) | 3.9 | — 8,1 | 13,6; — = 

- | 11,7); — | 14,6 — | 18,4 

3 1,4) — 3,8 — | — | 8,8). — = 

3 (11) 1, — 3,4 8,9) — | 14,5) — — 

= — | 9,3 10,09 | 11,9 | 0,05] 15,7 — | 17,8 

5 2,8 4,6 |0,07 8,2) 0,06) — 

2,7 1 O32 5,9 |0,07 | 10,5 |} 0,08] 14,0}; — 18,2 

10 — — 1,4 | 9,1 3,4 10,26) 7,8)9,23| — 
0.43) 6,7 | 0,13) 10,5 | 0,15 | 12,4] 0,15 

15 2,0 — 4,8 8,8} 0,27) — 
— |0,17) 3,310,23 4,7] 0,24] 6,6| 0,14] 8,6] 0,15 

45 (II) 2,21/0,34] 4,1} 0,56] 7,5) 0,58) — 
4,4| 9,39] 6,1] 0,40] 7,3] 0,31 

25 — 1,6 |0,28) 4,7] 0,4 | 7,6) 0,64] — 
— 1,4|0,46] 0,46] 6,3) 0,52] 9,9 |.0,74 

1,4 |0,42| 3,4] 0,76] 6,1 /0,38| 0,26 

75 — | 0,8/0,77| 1,5 |9,72| 2,7) 1,18) — 
0,6 10,35 4,7 | 0,36] 2,7 } 4,47 5,7 | 1,36 
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Fig. 3, Variation in specific activity of Al—Cr— 450° catalysts with com- 
position, 


From Tables 2 and 3, it is evident that the catalyst activity in the dehydration reaction, the same as the total 
activity with respect to both reactions, at each of the temperatures increases with an increase in aluminum oxide 
content over the entire interval of catalyst component concentrations which were studied. Deviations from this rela- 
tionship are of a random nature, The activity in the dehydrogenation reaction shows a slight increase with an in- 
crease in chromic oxide content in the mid-range and a sharper increase at higher Cr,O, concentrations, No activat- 
ing influence of minor additions of chromic oxide on the dehydrating activity of alumina is observed in the alumina— 
chromium catalysts; on the contrary, a marked reduction in activity occurs, For each of the reactions the course of 
the change in activity (degree of conversion) with catalyst composition is in general identical for both series (450 

and 600°), as is evident from Fig, 2. It also shows that with an increase in alcohol decomposition temperature the 
dehydration is intensified to a significant extent, in particular in the catalysts containing 25-75% Cr_Ox,, but the 


dehydrogenation (see 450° series; for the 600° series the differences are still less) remains at practically a single 
level, 
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- There is a completely different variation in the specific activity of the catalysts, calculated as the ratio of 
reaction rate constant to the magnitude of the surface of the catalyst (Figs, 3 and 4); in the dehydrogenation reaction 
the specific activity in general increases evenly with an increase in chromic oxide content of the catalyst, but in the 
dehydration it has a minimum which is highly extended in the case of the 450° series and localized at 15-25 mole% 
Cr2O, in the case of the 600° series, Comparing this result with the data of the phase analysis of the catalysts [8], 
it can be stated that both in the 450° series and in the 600° series the decrease in specific activity in the dehydration 
reaction parallels an increase in the content of chromic oxide in solid solution in aluminum oxide, having a spinel 
structure, right up to the content corresponding to a saturated solid solution, Here three factors may show influence: 
(a) a change in semiconductor properties with an increase in Cr2O, content (we have started to examine the role of 
this factor),(b) an increase in the lattice parameter of the spinel phase with an increase in Cr,O, content, and (c) 
an increase in the distance between aluminum ions on the catalyst surface with an increase in the concentration of 
Cr ions, The second of these geometrical factors (c) may have a stronger influence than the first (b), since all of 


our experiments showed that the dehydrating activity of the mixed catalysts is lower than that of aluminum oxide 
prepared by an analogous method. 


The increase in dehydrating specific activity for the 450° series catalysts starts only with a Cr,O, content of 
75%, but for the catalysts calcined at 600° this increase occurs more sharply and immediately after the CrgO, con- 
tent passes beyond the limits of its concentration in the spinel-structure saturated solid solution, The difference in 
behavior of the catalysts calcined at 450 and 600° can be explained by the fact that with Cr,O, content above 20 
wt. % there appears chromic oxide and a solid solution of aluminum oxide in it, having a corundum structure, In 
the 450° series such a crystalline phase appears only beginning with 50% Cr2O, in the catalysts, whereas in the 600° 
series it is shown quite distinctly [8] by the time the Cr,O, content has reached 25% and is crystallized far better 
than in the preparations of the 450° series. Apparently precisely this circumstance is also the reason why the mini- 
mum in specific activity for this series of preparations is so markedly extended, Beyond the limits of 20% Cr,O, 
the spinel and corundum phases coexist and act simultaneoulsy, The more rapid increase of corundum phase con- 
centration in the catalysts calcined at 600° leads to a more rapid increase of specific activity after the minimum, 
From this it follows that in the decomposition of isopropanol the dehydrating activity of the Cr,O,-rich corundum 
phase exceeds that of the spinel-structure saturated solid solution, It should also be added that on increasing the 


temperature of the alcohol decomposition the steepness of the rise in the branches of the curves after the minimum 
(Figs. 3 and 4) is increased very markedly, 
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Fig. 4, Variation in specific activity of Al-Cr— 600° catalysts with composition, 


It is interesting to note that the two different samples of catalysts with 3 mole % Cr,O, with differing activity 
(evaluated on the basis of degree of conversion) and nonidentical magnitude of specific surface are very close to each 
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other in specific activity, but the two different samples with 15% Cr,0, having similar activities based on degree 
of conversion, differ in specific activity by a factor of almost two, Here there is clearly an effect of the competitive 
effects of pH of precipitation (see Table 1) and a concentration factor (mutual protection of the components against 

crystallization) on the texture of the catalysts, This can be illustrated by the following data (Table 5), 


TABLE 5, Specific Surface (S), Specific Volume (V), and Average Pore Radius 
(gy) of Catalysts with 3 and 15% Cr2O, 


Vv, 
450° 


pHofpre} 


450° 


cipitation 


TABLE 6, Change in k, with Catalyst Composition and Tempetature of Alcohol 
Decomposition 


450° series 600° series 


mole ase | 290° | 305° | | a7se | | s20° 
1 0 0 0 _ 1 0 0 0 
31 o | 0 ee 1 | 04] 0 | 
5 2 1 0 os 1 1 0 0 
10 7 3 0 ~- —_ 2 1 1 
15, iim 6 | 5 2 2 
151 13 | 12 7 6 4 
15 8 7 — 25 12 8 7 

50 40 20 14 — 23 9 6 3 
75 50 32 32 -— 39 17 30 20 
90 = 50 38 — 46 41 27 35 


In the case of the catalysts with 3% Cr,O, the protective effect against crystallization in the hydroxide stage 
is very strongly expressed: In spite of somewhat different magnitudes of S for these preparations, heating them to 600° 
does not give rise to a change in the magnitude of specific surface, i.e., neither of them sinter in this interval of 
temperatures; they both have identical specific pore volumes, also unchanged on transition from 450 to 600° cal- 
cination temperature, The average pore radii also differ little, Thus, the change in pH of precipitation has prac- 
tically no effect on the texture of the catalysts with 3% Cr2O3, this texture having been determined mainly by the 
ratio of components, The catalysts with 15% Cr,O, show a different picture. Heating to 600° leads to a marked 
change in S: For 15, sintering taken place, but for 15 We on the contrary, an increase in specific surface is observed, 
apparently on account of an increase in its microroughness as a result of additional dehydration by the heating (in 
comparison with 450°), The specific pore volume of 15 ; 1s 1.5 times that of 15 yj. The magnitudes of average pore 
radii are also in this same ratio, Thus, catalyst 157). which was precipitated in a more acidic medium, is the more 
fine-pored, which also explains its lower activity in comparison with 15y, since part of the pores in 15,, prove to be 
inaccessible for the reaction, From what has been said it follows that in the case of the catalyst with 15% Cr,O, the 
decisive factor in the formation of texture was the pH of precipitation, and the mutual protection of the components 
against crystallization was of considerably less significance than in the case of the catalysts with 3% Cr2Ox3. 


Table 6 shows the magnitudes of the selectivity coefficients of the catalysts, calculated from the specific 
activities by the formula k, = A, H2/ZAgy 100, The magnitude of k, increases rapidly with an increase in the 
catalysts’ chromic oxide content; however, even the catalysts with 90% Cr2O; are characterized by k, = 50, and 
hence in the temperature range investigated they represent preferentially dehydrating catalysts, in this also differ- 
ing fundamentally from the catalysts described in[9], Examining Table 6, it may be noted also that the magnitude 
of k at a given Cr2O; content decreases with an increase in reaction temperature, This shows that within the tem- 


perature range investigated the dehydration is intensified to a greater degree than the dehydrogenation on increasing 
the temperature, 


=. | 
3 (I) 6,4 217 221 0,20 0,22 24 20 
3 (II) 7,6 260 256 0,20 0,24 22 17 
15 (1) 7,5 298 255 0,33 0,31 22 24 
15 (II) 6,7 284 320 0,24 0,23 15 14 
CroO 
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SUMMARY 


1, A study has been made of the influence of composition and calcination temperature of alumina—chromium 
catalysts on their specific activity in the dehydrogenation and dehydration of absolute isopropanol, It has been shown 
that the specific activity in dehydration passes through a minimum, strongly extended for the catalysts calcined at 
450° and localized in the region of 15-25 mole % Cr2Ox, for the series of catalysts calcined at 600°, The specific 
activity in dehydrogenation increases evenly with an increase in the catalysts’ chromic oxide content, The behavior 
of the catalysts is explained on the basis of data relating to their phase composition, 


2, Alumina—chromium catalysts at 245-320° are preferentially dehydration catalysts, 


3, For certain instances of the preparation of catalysts with identical Cr,O, content but with differing pH of 
precipitation there has been demonstrated a competition of a concentration factor with the conditions of precipita- 
tion in the formation of the texture of the catalysts; With predominance of the influence of the first factor (mutual 
protection against crystallization) more thermostable catalysts are obtained, 
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Only a few papers [1-3] have been concerned with the study of the mechanism of the interaction of atomic 
oxygen with acetaldehyde, In our previous paper [1] both electrical discharge in water vapor and discharge in molec- 
ular oxygen were employed for generating atomic oxygen, Experiments were carried out under jet conditions at a 
temperature of 100° and a pressure of 4,2 mm of Hg. In the previous paper [1] main attention was paid specifically 
to analysis of the reaction products, Formaldehyde, acetic acid, CO and CO, were detected as the reaction products, 
Experiments were carried out so that a flame was not present, On the basis of the results which we obtained from in- 
vestigating the reactions of atomic oxygen both with acetaldehyde and with hydrocarbons we formulated conclusions 
concerning the primary reactions in the interaction of atomic oxygen with acetaldehyde, We came to the conclu- 
sion that during interaction of atomic oxygen with acetaldehyde in a jet at a comparatively low pressure (4 mm) the 
principal reactions were: a reaction by which an oxygen atom was introduced into the C—H bond, resulting in forma- 
tion of acetic acid, and reactions occurring through cleavage of the C—C bond and resulting in formation of form- 
aldehyde, CO and CO, Cvetanovic [2] who studied the reaction of atomic oxygen with molecular acetaldehyde. 
under the conditions of a photochemical method, at pressures ~100 mm of mercury, and with mercury sensitization, 
arrived at a different conclusion, namely that in the reaction of atomic oxygen with acetaldehyde, hydroxyl and 
CH,CO radicals were principally formed. Further the hydroxyl with molecular acetaldehyde gave water and the 
acetyl resulted in formation of diacetyl. The principal reaction products in Cvetanovic's experiments were water 
and diacetyl, Atomic oxygen was prepared by mercury photosensitized decomposition of N20. Ford and Endow [3], 
also using a photochemical method, prepared atomic oxygen but this time from NO, and measured the rate constant 
of the reaction of atomic oxygen with cis-pentene-2 at room temperature and atmospheric pressure, Using Cvetano- 
vic's results [4] these authors calculated the absolute value of the rate constant for the reaction of atomic oxygen 
with acetaldehyde at room temperature and atmospheric pressure, It may be noted that in the case of the photo- 
chemical method not only the nitrogen oxides N2O and NO, but also the second component of the starting substances, 
as well as the reaction products are subjected to the action of the mercury sensitization, and consequently under these 
conditions it is more difficult to determine the primary act of the reaction than under our experimental conditions, 


and the easier it is to make incorrect conclusions with respect to both the reaction products and the absolute value 
of the rate constant, 


In all our experiments on the reactions of atomic oxygen, formation of formaldehyde was a characteristic and 


obvious feature (in reactions of atomic oxygen with CHy, C2Hg, CsHg, CgHy, CgHg, C2H2O). In Cvetanovic's experi- 
ments formaldehyde was not found, An analysis of this question, especially in connection with our recent work, where 


we detected surface reactions of atoms with molecules [5, 6] (for example, H + O, sation OH + O and H + C,H, 
surface 


C2Hs), brought us to the conclusion that possibly under our experimental conditions some reaction of atomic 
oxygen with molecules may occur on the surface of the reaction vessel, In fact experiments conducted in which the 
surface had been treated differently (KCl, ZnOCr,0,) showed that the composition of the reaction products can change. 


We have attempted both in this work and in previous studies to show which reactions of atomic oxygen with 
molecules takes place in the reaction space and which on the surface and to study the reaction kinetics under those 
conditions in which either the space reaction or the surface reaction predominates, 


EX PERIMENTAL 


Experiments for studying the reaction of atomic oxygen with acetaldehyde were conducted in the apparatus 
described earlier [7], Atomic oxygen was generated in the high voltage zone of an electrical discharge in molecular 
oxygen, Molecular oxygen was prepared by heating KMnO,, during which every precaution was observed to prevent 
particles of KMnO, and MnO, entering the region of the discharge, By means of a manometer and valve cocks it 
was possible to maintain the pressure in the reaction vessel] with an accuracy of 0.1 mm of mercury, Atomic oxygen 
together with undissociated molecular O», were carried by the jet stream through the nozzle into the reaction vessel, 
Acetaldehyde was fed into the reaction vessel from a calibrated flask, The acetaldehyde was fed into the reaction 
vessel through special inlets at different distances from the nozzle, The reaction products were condensed in a de~- 
tachable trap cooled with liquid nitrogen. The temperature during the reaction was measured in different parts of 
the reaction vessel by copper-constantan thermocouples, The vesse] was heated by means of two heaters, The heaters 


were chosen so that the temperature was the same for the whole extent of the reaction zone, The walls of the reaction 


vessel were coated with KCl, Earlier [5, 6] we have shown that on "clean" surfaces or surfaces treated with phosphoric 
acid, surface reactions may take place, Treatment of the surface with KC] solution and also with the reaction prod- 
ucts (a polymer was precipitated on the walls of the vessel) led to cessation of surface processes and predominantly 
space reactions occurred. The principal reaction products of atomic oxygen with acetaldehyde in a vessel the walls 
of which were KCl coated, were found to be acetic acid, ketene and glycollic aldehyde, Comparison of the maxi- 
mum yield of acetic acid with the quantity of atomic oxygen entering the reaction vessel at 130° showed that up to 
60% of the latter was used in formation of the acid, The remaining atomic oxygen (approximately 40%) was used 

in formation of glycollic aldehyde and ketene, Glycollic aldehyde at temperatures of 100° and above precipitated 
on the walls of the vessel as a polymer. Ketene together with acetaldehyde volatilized into the trap and could be 
distilled off at -100°, With reduction of the reaction temperature to room temperature, 60% of the atomic oxygen 
was used in ketene formation and the remaining 40% in forming the acid and glycollic aldehyde. The concentra- 
tion of oxygen atoms in the inlet into the reaction vessel was measured by the method described previously [8]. For- 
mation of acetic acid is possible by two routes; either by introduction of oxygen atoms into the acetaldehyde molec- 
ule across the C— H bond or from an acetyl radical as a result of disproportionation and formation of ketene with sub- 
sequent formation of the acid on dissolving the ketene in water, A search for acetyl radicals by detection of acetyl 
peroxide led to a negative result. No peroxides were detected in the reaction products, The absence of any sign of 
the presence of acetyl radical compelled the conclusion that only one route for formation of the acid was realized — 
by introduction of oxygen atoms into the acetaldehyde molecule across the C—H bond 


O-+-CH;CHO CH,—C 


Nou 


Thus it was found that interaction of atomic oxygen with acetaldehyde occurred by three routes: 


fe) 
CH,CY 

OH 
0+CH,CHO OHCH,CHO 


H,0+-CH,=CO 


At room temperature formation of ketene and water predominated, and with increase in the temperature to 100° and 
above introduction processes predominated with formation of acetic acid and glycollic aldehyde, Earlier.we de- 
veloped a method [7] for the measurement of the rate constants of the elementary reaction of atomic oxygen with 
different molecules, According to this method, in order to determine the rate constant of the reaction of atomic 
oxygen with any molecule it was necessary to measure the dependence of the final concentration of one of the pri- 
mary products on the initial concentration of the starting product. Measurements must extend over that range of 
initial concentrations of the starting substance where the final concentrations of the primary product are close to 
the max‘.na i.e., the concentration limits, Then 1((BE) [(B‘g) is the final concentration of the given primary product] 
against 1/Ay (Ag is the initial concentration of the original substance) was plotted graphically, This was a straight 
line, corresponding (for a bimolecular reaction) to the equation - 

1/(B;) » [ko +k, (O)oM] 

ky (O)o ky (O)o ky (Ag) 
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where k; is the total rate constant of the reaction of atomic oxygen with molecules; kj is the rate constant of the 
reaction of atomic oxygen with molecules, resulting in formation of the given primary product; ky is the rate constant 
of linear destruction of atomic oxygen; kf is the rate constant of quadratic destruction of atomic oxygen; (O), is the 
initial concentration of atomic oxygen; M is the concentration of third particles. 


In this equation the quantity k/kj(O)» is the intercept made by the straight line on the ordinate axis, The tang- 
ent of the angle of slope has the value: 


one 


ky (O)o ky 


Bid 


where k,/kj(O)) = b is the known value of the intercept made on the ordinate axis; k, is the required constant and 


Ky + kg" (O)gM is the total destruction of atomic oxygen. Hence the required value k, can be calculated from the 
formula: 


1 
k= Ga (1) 


providing the total destruction of atoms is known, The total destruction of atoms was determined by the method des- 
cribed previously [9]. According to this method, in order to determine the total destruction it is necessary to measure 
the relative concentration of the atoms (O)p/(O) x in different parts of the reaction vessel. 


In our paper [9] it was shown that if the dependence of log (O))/ (O), on x was obtained as a straight line passing 
through the origin of the coordinates, then in this case linear destruction of atoms predominates, i.e., ky >> kf (O)oM. 
Usually for the destruction of atomic oxygen under our conditions we find this to be tue, The constant ky was cal- 
culated from the tangent of the angle of slope of the straight line from the formula: 


2,3-w-tgy, 


where w is the linear rate of the jet stream; y is the angle of slope of the straight line 


In the present work in order to determine the relative concentration of atomic oxygen at different distances from the 
nozzle, we utilized the values of the limiting concentrations of acetic acid, Acetaldehyde was fed into the reaction 
vessel at different distances from the nozzle in such concentrations as to produce the limiting yield of acid. The 

ratios of the limiting yields of acid represented the ratios of the atomic oxygen concentrations, 


Number |Tempera- | Pressure, (Rate of Destruction |Reaction rate 


of Experi; ture mm of Hg |Jet Stream |Constant constant 
ment icm. |ky, sec-? |10! cm*sec~* 


Our wh 


In Fig, 1 is given the plot of log (O))AO), against x at 150° and 3,1 mm of Hg pressure, Since this a straight 
line then linear destruction predominates, The destruction constant calculated from the graph is equal to 81 sec™, 

In Fig, 2 is given the plot of 1(CH;+COOH), against 1(CHg + CHO), at 155° and 3,1 mm of Hg pressure, The reac- 
tion rate constant calculated from this graph by means of formula (1) is equal to 2,35- 107“ cm*.sec™., In an ana- 
logous way the rate constants were determined for the reaction of atomic oxygen with acetaldehyde at various tem- 
peratures at a pressure of 3,1 mm of Hg, In addition the reaction rate constant was measured at 1,2 mm of Hg pres- 
sure, The results of such measurements are presented in the table, 


O) 
Ig Cle 
8 (0), 
70 3,1 243 48,3 » 
80 3,1 250 57,7 1,23 
100 3,1 268 45,0 1,78 
120 3,1 266 61,0 1,9 
155 3,1 340 81 2,35 
100 1,2 160 23 1,92 
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Fig. 1. Relationship between the rela- 
tive concentration of atomic oxygen 
and the distance between the site of 
mixing of acetaldehyde with atomic 
oxygen and the position of entry of 
the atoms into the reaction vessel at 
428°K. 


i/(ch,C00H), 
2010" 


W(CH4CHO), 
Fig. 2, Relationship between the tinal 
concentration of acetic acid and the 
initial concentration of acetaldehyde 
at a reaction temperature of 428°K, 


Fig. 3, Relationship between tempera- 


ture and rate constant of the reaction 
of atomic oxygen with acetaldehyde, 


In Fig. 3 the values of log k, are plotted against 1/T, The activation energy of the reaction O + CHs*CHO, 


calculated from this graph is equal to 2750 + 500 cal, Thus the measured rate constant of the reaction O + CH, *CHO 
can be represented as 


The value of the rate constant obtained did not agree with the value cited by Ford and Endow [3] and is approximately 
two orders less, However we note that the rate constant obtained by these authors for the reaction of atomic oxygen 


—27h9 


k, =6- molecule~* cm*sec™! 


with ethylene is also nearly twice as great as the constant obtained for 
ethylene by other authors[10], The reaction of formation of acetic acid 
(and also glycollic aldehyde) from an oxygen atom and an aldehyde molec- 
cule must be accompanied by liberation of a large amount of heat, There- 
fore in considering this elementary act the question arises of the effect of 
third particles on the reaction in the same way as in considering the case 

of the reaction O + CO + CO,[9,11]. In a general form the effect of 
third particles on the addition reaction of atoms and radicals to molecules 
was considered in our previous paper [12] taking as example the reaction 


+ O2 + C2Hs02 


For the O + CHg*CHO reaction we have carried out experiments at 
the lower pressure of ~ 1,2 mm of Hg with the object of elucidating the 
pressure effect of third particles, The constant obtained (cf, experiment 
No, 6 in Table 1) indicated that in the given pressure range the reaction 
rate was independent of the pressure, Possibly the life-time of the excited 
[C2,H,OO]* particle is so long that already at pressures of the order of 1 mm 
of Hg the reaction is independent of the pressure. However possibly as in 
the case mentioned in paper [11] the reaction proceeds by a bimolecular 
mechanism, Then stabilization of the excited particle apparently occurs 
by emission of light, Generally speaking it can be anticipated that at the 
pressures with which we worked and established the temperature course 
of the reaction the effect of pressure cannot count. This conclusion is 
based on the following fact. If we imagine that the reaction of forma- 
tion of acid proceeds in two stages 


O-+CH;CHO [CH,;COOH]* 
[CHsCOOH]*+M — M-+CH;COOH, 


then the determining stage will be either the first or the second, There 
will be a pressure dependence in the case when the lifetime of the ex- 
cited particle is small and the determining stage will be the second, It 
can be said in advance that the second reaction — a stabilization reaction— 
will take place without activation energy. The first reaction — the forma- 
tion of the excited complex — is a bimolecular process and can take place 
with or without activation energy — this depending on the properties of the 
colliding particles, Consequently when we observe the activation energy 
of a similar type reaction then it may be assumed that the determining 
reaction under the present conditions is the first stage and pressure de- 
pendence will not be observed, If stabilization of the complex occurs 

by emission of light then likewise there will be no pressure dependence, 
However in all our investigations, in spite of similar considerations, we 


have carried out experiments both with the reaction rate dependent on temperature and with it dependent on pres- 


sure, since the dependence on pressure can be more complex [12] than that considered above, 
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SUMMARY 


1, The reaction of atomic oxygen with acetaldehyde was studied under conditions in which the principal reac- 
tion products were addition products — acetic acid and glycollic aldehyde, 


2. The activation energy and the absolute value of the rate constant for the reaction of atomic oxygen with 
acetaldehyde were measured, 


3, In the pressure range 1-3 mm of Hg the rate constant of the reaction of atomic oxygen with acetaldehyde 
was that of a constant bimolecular process, 
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Translated from Izvestiya Akademii Nauk SSSR,Otdelenie Khimicheskikh Nauk, 
No. 6, pp. 1011-1015, June, 1961 
Original article submitted June 1, 1959 


The study of the influence of various functional groups on the properties of vinyl compounds and on the condi- 
tion of the double bond C=C has great interest, On the one hand, the vinyl compounds have great practical signific- 
ance, and on the other, the physical constants of comparatively simple molecules of the type C=C—X submit more 
easily to interpretation and can serve as valuable material for the study of the appearance and natbre of the mutual 
influence of the atoms of organic compounds, In the vinyl ethers the influence of the alkoxy group on the double 
bond is apparent in the chemical properties — in the increased reactivity in reactions of addition, hydrolysis, etc., 
and in the processes of polymerization and copolymerization; the structure of the alkoxy radical is of great import- 


ance in producing these effects, There is little known about the influence of the ‘alkoxy group on the strength of the 
C=C double bond and on its optical properties, 


EX PERIMENTAL 


The spectra of a series of vinyl ethers containing paraffinic, naphthenic, and aromatic radicals are investigated 
in this work, The spectra of some of these were studied earlier [1, 2]. 


Measurement technique. The combination dispersion spectra (Raman Spectra) were photographed for the meas- 
urements of the frequency in a 3-prism spectrograph ISP-67, The 4358 A mercury line was used for excitation, For 
the determination of the intensity of the lines, solutions of the vinyl ethers in CCl, were used with a ratio of 2 M 
of the substance to 1 M of the solvent, The unit of intensity was taken as 1/100 of the integrated intensity of the 
line at 313 cm” of CCl, based on 1 M, A photoelectric spectrophotometer was used, The sensitivity was approx- 
imately + 15% (numbers with the approximation sign were obtained by oriented visual estimation), 


The absorption spectra were measured with photoelectric spectrophotometers SF-4 and SP-41; the latter in- 
cluded a vacuum double monochrometer with a LiF prism. The solvent was heptane, The measurements were carried 
out in cooperation with V, A. Petukhov, For the two vinyl phenyl ethers in the table, A and € are given only for 


the near absorption band; this band has a fine structure, The absorption spectra of the two hydrocarbons are taken 
from the literature, 


The results of the measurements, In the table are given the frequency (w in cm) of the valence vibration 
of the double bond C=C and the intensity coefficient (I) of the corresponding line in the Raman spectra, also the 
wavelength (A in A) and the molar (decimal) absorption coefficient (€ ) of the band maxima in the ultraviolet ab- 
sorption spectta in the region 1700-4000 A; f is the oscillator strength, The absorption curves are given in Fig, 1. 
The abbreviations: Et — ethyl, Pr— propyl, Bu — butyl are used in the table, 


Discussion of the Experimental Results 


The majority of the vinyl ethers have several lines in the frequency region of the double bond stretching vibra- 
tion which are easily observed both in the Raman spectra and in the infrared spectra; the ratios of the intensities of 
the components in both kinds of spectra are rather similar, The data cited in the table show that the character of 


the splitting of W, _ , depends only slightly on the length of the n-alkyl radicals but strongly depends on the pres- 
ence of branching and rings, and on the presence or absence of & -substituents, 


The establishment of the causes of the splitting of the C=C line and a correlation of the individual compo- 
nents was important since otherwise it would be impossible to judge from the spectra the influence of the alkoxy 


groups on the character of the double bond and the geometric configuration of the molecules, The geometric con- 
figuration of the molecules of the vinyl ethers is significant not only for the physical but also for the chemical prop- 
erties, The influence of the configuration on the chemical properties can be correlated with both the degree of 
screening of the reactive center and with the variations of the conditions of the individual chemical bonds, 


One of the authors of this paper in an earlier work [1] explained 
the splitting of the C=C band of the n-alkyl vinyl ethers into three 
components as due to the presence of rotational isomerization and 
Fermi resonance; the lines at approximately 1610 and approximately 
1637 cm“! were related to two rotational isomers, Mikawa [ 2], taking 
into consideration that there is only one conformation (S-trans), as- 
cribed the appearance of these two lines to Fermi-resonance, The 
suggested rotational isomerization could be examined by drawing on 
the data of the presence of splitting in other frequency regions, on 
data of the influence of temperature on the relative intensities of 
the components, on the dependence between the structure of the 
molecule and the spectrum in connection with the presence or ab- 
sence of substituents which make more difficult the formation of the 


several possible conformations, and on the influence of isotopic sub- 
stituents, 


The influence of solvents and of the temperature on the struc- 
ture of the C=C band was investigated in this work, Vinyl butyl 
ether was taken as an example, and it was shown that different sol- 
vents caused almost no change of the frequencies of the components, 
but lead to a redistribution of the intensities, If in the pure liquid 


1600 


and in heptane and carbon tetrachloride solutions the coefficients 

Fig, 1. The ultraviolet absorption spectra wr 

of the intensities of the lines at 1610 and 1637 cm “ are related as xy 
of octene-1 and of the vinyl ethers (in hep- 

1:1, This, at least, does not contradict the suggestion of the presence 
tane solutions); Bu— is the butyl group, 

of rotational isomerization, The influence of the temperature could 
< >is the cyclohexyl group. be more indicative, Experiment showed that an increase of the tem- 


perature to 90° caused the lines of vinyl butyl ether at 1610 and 1637 
“1 to become almost equal in intensity (Fig. 2), while at—70° the 
relative intensity of the line at 1637 cm” is significantly lowered, 
Sat z Apparently the lines at 1610 and 1637 cm™ can be related to two 
wv different rotational isomers; the origin of the line at 1653 is not yet 


clear since it is difficult to establish whether its intensity is changed 


by increasing the temperature or whether it is incorporated into the 
20° neighboring lines, 


The question arises; to which of the isomers do the lines at 
1610 and 1637 cm™ belong, An approximate calculation of the in- 
-70° teratomic distances in models of the molecule showed that steric 
; factors would allow the existence of molecules of the n-alkyl vinyl 


ethers witli a flat S-trans-form of the skeleton a P’\ fe 
Fig, 2. Influence of 


the temperature on and a non-planar warped-form, but do not allow the possibility 
Lote renga of the existence ot a stable planar cis-form OF tee The dis- 
butyl ether, stances (r) between the most closely positioned atoms of hydrogen 


of the alkoxy and the vinyl or the a-methylvinyl group of the three 
forms mentioned above (the planar S-trans, the nonplanar warped 
and the planar S-cis) for the optimum angles of rotation of the alkyl group with its chain around the O—C,);, and 
C—C bonds (i.e., for such angles at which r is a maximum) are as follows; vinyl ethyl ether 2,5, 3,0, and 2,0 A; 
vinyl tert-butyl ether 2,45, 3,0, and 1,9 A; ;o~ -methylvinyl ethyl ether 2,0, 2.7, and 2,0 A. Configurations for which 
the H,..H distance is substantially smaller than 2,2 A are improbable, 
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With an increase of the degree of branching of the alkyl radical R, the interval of possible angles of rotation 


(8) of the group OR around the bond C,;,—O (that is the angle between the planes ee and al ) 


must decrease, If one allows the existence of nonplanar forms of the n-alkyl vinyl ethers which are rather close to 
the S-cis form, then for the vinyl cyclohexyl and vinyl tert-buty] ethers, the only forms possible differ substantially 


in rotational angle 6 from the planar S-cis form,* The existence of the planar S-trans form a Ne Re is 


* The values of r cited above are not sufficient for a judgement of the real differences since these values are per- 
tinent only to models with the optimum angles of rotation of the individual chains R. 
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possible in these cases, but under the condition of a sharp limitation of the allowable rotation angle (¢) of the alkyl 
groups around the O—C,,,,, bond, The presence of an a-substituent should make more difficult the formation of the 
S-trans-form; the angle of rotation should be not less than 10°, and for a -alkylvinyl cyclohexyl ethers it should be 
still greater, Thus, this compound can exist only in the nonplanar form of C=C-O-C, The data for vinyl tertiary 
butyl ether and vinyl cyclohexyl ether in any case indicate that under the condition of a substantial limiting of the 
possible angles @, there remains only one line in the region of the C=C frequency; for the a-substituted n-alkyl 


vinyl ethers, the splitting picture observed has a completely different appearance from that of similar ethers without 
an & -substituent, 


An estimation made from a mechanical model of the molecule shows that the trans-configuration should have 
a slightly higher frequency for the C=C absorption than the other possible configurations, At the same time, the 
trans-configuration is more suitable for conjugation* of the OR group with the C=C group, which can lead to a 
decrease of the C =C frequency and a strengthening of the double bond, In connection with this, one can probably 
correlate the more intense line of the n-alkyl vinyl ethers (1610 em) with the trans-form, and the 1637 cm™ line 


with the warped form, Such a correlation, however, leaves unclarified the origin of the line of the a-derivatives 
at approximately 1597 em~, 


In order to judge of the influence of the OR group on the character of the double bond C=C in the n-alkyl 
vinyl ethers, we will compare their vibrational frequencies with the C=C frequency in the alkenes, For the com- 
parison it is expedient to use the frequencies of configurations of a single kind, The 1-alkenes have one line at 
approximately 1642 cm~', The absence of splitting in these cases can be explained as due to the absence of a sub- 
stantial interaction between the double bond C=C and the alkyl radicals, and to the lack of influence of the angle 
of rotation of the alkyl group on the C=C frequency and on the character of the double bond, or that there is present 
practically only a single rotational isomer. The rotation of the OR group around the C,,,.,-O bond can 
be accompanied by a more substantial change of the character of the C=C bond; the influence of the changes of 
these geometrical parameters must, as before, be small, Judging by data in the literature, 1-butene and, apparently, 
other 1-alkenes have the warped-configuration, The predominance of the trans-form of vinyl methyl ether and of 
the warped form of the 1-alkene is completely possible, since the difference of the energies of the warped- and trans- 
forms of butene-1 is small, approximately 1 kcal /M; this difference can be somewhat greater for the vinyl ether 
since the C—O distance is smaller than C—C, but on the other hand the energy of the planar forms may be lowered 
at the expense of the conjugation of the OR group and the 1m -bond (note that for anisole, which obviously has the 
planar configuration, the “conjugation energy” is approximately 8 kcal/M), If the suggestion relative to the correla- 
tion of the components of the splitting is correct, then one can say that the oxygen atom of the OAIk in the molecules 
with a nonplanar configuration lowers the frequency for the C=C vibration by approximately 6 cm™, and in the 
planar molecules, by a considerably larger amount (approximately 30 em™), In any case, the lowering of Wo 


is quite substantial in the dominant confirmation, Obviously, it depends basically on a decrease of the strength of” 
the C=C bond, 


There is an intense absorption band around 1900-2000 A in the absorption spectra of the vinyl ethers (Fig. 1), 
this band is somewhat closer to the visible part of the spectrum than that of the 1-alkenes, Corresponding to this, 
the intensity coefficient of the Raman C =C lines of the ethers is somewhat higher than that of the 1-alkenes, In 
the series of compounds investigated here, l_- is greater for ; this justifies the suggestion that a corresponding 
level of electronic excitation provides a larger contribution to the magnitude of the intensity of the C=C line, and 
that by electronic excitation the equilibrium interatomic C=C distance is substantially changed. 


SUMMARY 


1, The combination scattering (Raman spectra) and the absorption spectra in the vacuum ultraviolet region 
were investigated for a series of vinyl ethers, 


2, In the frequency region of the C=C valence vibration, the majority of vinyl ethers have several lines, 
The character of the splitting depends on the presence of branching in the vinyl group, and on the presence of an 
substituent, The influence of the temperature on the intensity of the lines at approximately 1610 and 1640 cm™ 
of n-vinyl butyl ether is favorable to a correlation of these lines with two rotational isomers, The influence of the 
Oak group on YW — ¢ can qualitatively be characterized as the presence of a tendency toward a lowering of the 
frequency, 
*The influence of an inductive effect [3] is improbable, 


i 
= 


3, The wavelength of the first absorption band and the intensity of the C=C line in the Ram&n spectra of the 
vinyl ethers are greater than those of alkenes with similar structures, 
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In recent years the attention of chemists and microbiologists has been attracted to heterocyclic compounds 
which contain in their composition so-called "N-oxy” groups, These N-oxy compounds have both chemical and 
biological interest, As has been shown by the work of contemporary English, American, Russian and Japanese in- 
vestigators, similar compounds possess to various degrees physiological and antibacterial activity, Thus, in 1941 
Mcllwain [1] reported that fodinin, the dye of chromobacterium iodinum, showed considerable antibacterial activity: 


at a dilution of 1:1 million it is able to suppress several kinds of bacteria: streptococcus haemolyticus, corynebac- 
terium diphtheriae etc, 


The study of the chemical nature of iodinin, begun earlier by Clemo and Mcllwain [2], led the authors to con- 
clude that this antibiotic was the N,N-dioxide of 1,2-dioxyphenazine, Its formula was finally established by the 
Soviet chemist Kiprianov et al, [3]. The latter ascribed to iodinin the structure: N,N'-dioxide of 1,5-dioxyphenazine, 


NA 


No 


The authors were later able to synthesize iodinin itself [4]. Aspergillic acid is known in medicine as a strong 


antibiotic, the region of action of which is much wider than that of penicillin; it appears to be a derivative of pyra- 
zine 


CH, 
| 
HC” Nc—cH,—CH—CHy 


| 
O lor C,H;—CH—C 


CHs 


The N-oxides of pyridine and quinoline [5], the mono- and di-N-oxides of quinoxaline and their various deriva- 
tives [6] are also known, Several hydroxy- and methoxy-derivatives of quinoxaline studied by King, Clark and Davis 
[7] showed anti-bacterial activity close to that of iodinin, Our problem was to obtain and study the properties of 

phosphinic esters containing the N-oxy-quinoxalinic group, i.e., compounds with possible biological activity. In the 


present work we propose syntheses of compounds with mono-N and di-N-oxy-quinoxalinic radicals starting from the 
previously prepared esters 


= 


N 


| 0 


which were studied earlier by us [8]. 


However experiments on the oxidation of these esters under conditions described by Landguist [6] for the oxida- 
tion of quinoxaline itself and some of its derivatives did not give positive results, In this case we obtained the ori- 
ginal ester or a mixture of unknown composition (upon longer heating), The application of more concentrated solu- 
tions of acetyl hydroperoxide (23,5 and 56,5% in glacial acetic acid), and also oxidation by hydrogen peroxide in 
glacial acetic acid led to partial or complete tar formation, There are indications in the literature (Newbold 
Spring, Elina and Magidson [9-11}) that the presence of some substituents in the ortho position to the nitrogen of 


the quinoxaline nucleus hinder its oxidation sterically, It is possible that in our case we have also met with a similar 
fact, 


Esters of phosphinic acids with mono-N- and di-N-oxidoquinoxalinic radicals were obtained by us in good yield 


by the rearrangement reaction of A. E, Arbuzov, The mono-N- and di-N-oxides of 2,3-di-( w-bromomethyl) quin- 
oxaline were taken as the halogen alkyls, 


N 
and [ ) 
No No 


The reactions of the N-oxides with phosphites were carried out in benzene or toluene at the boiling point of 
the solvent, The ethyl and methyl esters were easily crystallized from the reaction mixture, but the propyl with 
great difficulty, The allyl ester could not be separated in the crystalline state, 


The physical properties of the esters are given in the table, 


None of the esters described above are stable tolight, In light they become covered with an orange film be- 
cause of decomposition, The melting points of the esters with a mono-N-oxidoquinoxalinic radical are somewhat 
higher than the corresponding esters with an unoxidized quinoxalinic radical (an exception is the ester with the 
methyl radical, see [8]). The esters which contain the di-N-oxide of the quinoxalinic radical melt considerably 
higher, Esters of the mono-N- and di-N-oxides of 2,3-di-(w-phosphonemethyl)quinoxaline dissolved in the ordinary 
organic solvents and in water, the ethyl and methyl esters being most soluble in water and the isopropyl ester con- 
siderably less soluble, The products of the hydrolysis of the esters — the phosphinic acids with N-oxidoquinoxalinic 
radicals — are also crystalline substances; they decompose above 200° without melting, 


All of the compounds synthesized by us were given to Prof, B, L, Mazur of the Kazan State Medical Institute 
for testing as antibacterials, 


EXPERIMENTAL 


The interaction of the mono-N-oxide of 2,3-di-(w-bromomethyl)-quinoxaline with trimethyl phosphite, 1.1 g 
of the mono-N-oxide of 2,3-di-(w-bromomethyl)-quinoxaline and 0,82 g of trimethyl phosphite were heated in 10 ml 
of dry benzene under reflux on a boiling water bath for 3.5 hr, The evolution of methyl bromide was observed; when 
lighted it burned with a greenish flame, Toward the end of the heating the reaction mixture changed from orange to 
light yellow. Half of the benzene was distilled off and 2 mlof n-hexane was added to the mixture, When the walls 
of the flask were rubbed with glass rod, 1,2 g of a yellow precipitate appeared ( 95.23% of the theoretical), The 
latter was twice crystallized from a mixture of benzene and n-hexane (1: 1); activated charcoal was used, Slightly 
yellowish needles were obtained with m, p, 111-112°, The product was quite soluble in ether, methyl and ethyl 
alcohols, and also in water, The analysis of the product was carried out by heating it in sealed tubes with concen- 
trated nitric acid; thissame procedure was used for all of the subsequent cases, Found: P15,63,15.47%, CyzHegN pP207. 


Calculated; P 15.89%, According to the analytical data the product was the dimethyl ester of the mono-N-oxide 
of 2,3-di-(w-phosphonemethyl)quinoxaline, 
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OC \_cH,—P” (OCHs)s 
A (OCH 
No 


N 


(OCH 
N 
No 


AN 


| 
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(OC3Hy-i)s 
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Melting point 


111-112° Slightly yellowish needles 
Melts to form a yellow liquid from a mixture of ben- 


zene and n-hexane 


148-150° Light yellow needles from 
Melts to form a dark yellow liquid) a mixture of benzene and 
n-hexane 


110-112° Light yellow, thin needles 
Melts to form a light yellow from a mixture of ben- 
liquid zene and n-hexane 


136-138° Light yellow prisms from 
Melts to form a yellow liquid a mixture of benzene. 


and petroleum ether 


104-105,5° Tiny prisms from n-heptane 
Melts to form a yellow liquid 


127-129° Yellow prisms from 
Melts to form a dark yellow n-heptane 
liquid 


Decomposes above 200° — does Yellow crystals from water 
not melt 


At 210-212° is converted to Yellow crystals from water 
a black tar 
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For hydrolysis, 0.5 g of the product was heated with 5 ml of dilute HCl (1:1) in a sealed tube on a boiling 
water bath for 5 hr, The liquid was then evaporated on a water bath until the hydrogen chloride was completely 
removed, The residue was dissolved in water, and the solution was boiled with activated charcoal, After the re- 
moval of the charcoal, the filtrate was again evaporated on a water bath to a small volume, Yellow crystals were 
deposited, They darkened on heating to 200°, and at 210-215° they were converted to a black tar, The substance 
was not soluble in benzene or acetone and only slightly soluble in alcohol; it was more soluble in water, Found; P 
17.96%. Calculated; P 18.55%, 


The interaction of the mono-N-oxide of of 2,3-di-(w-bromomethyl) -quinoxaline with triethyl phosphite, 2,4 g 
of the mono-N-oxide of 2,3-di- -(w-bromomethyl)- quinoxaline and 2,41 g of triethyl phosphite in 10 ml of dry tolu- 
ene were heated in an oil bath, The evolution of ethyl bromide was observed at bath temperatures of 100-115°, The 
reaction mixture was heated for 3 hr at the temperature of the boiling solvent, On the following day, when the flask 
was shaken, the contents crystallized, The yleld was 2,45 g (76.08% of theoretical) of the diethyl ester of the mono- 
N-oxide of 2,3-di-( w-phosphonemethyl)-quinoxaline in the form of yellowish crystals, which after two crystalliza- 
tions from a mixture of benzene and petroleum ether (70-100°) melted to a light yellow liquid at 110-111°, A sample 
mixture with the ethyl ester of 2,3-di-(w-phosphonemethyl)-quinoxaline gave a depression; 90-97°, The substance 
was quite soluble in benzene, acetone, chloroform, ethyl and methyl alcohols, less soluble in ether, and quite soluble 
in water, P 13,60, 13.48%. Calculated: P 13.86%. 


For hydrolysis, 0.5 g of the substance and 15 ml of dilute HCl (1:1) were heated in a sealed tube at 100° for 
7 hr, The product of the reaction was recrystallized from water with the use of activated charcoal, The crystalline 
product decomposed when heated higher than 200°, and at 215-217° it changed without melting to a black mass, 
Found: P 18,05, 18.00%. Cy HyO7P2N2. Calculated: P 18.55%, 


The interaction of the mono-N-oxide of 2,3-di-(w-bromomethyl)-quinoxaline with triisopropyl phosphite. . 
1.76 g of the mono-N-oxide of 2,3-di-(w-bromomethyl)-quinoxaline, 2.2 g of freshly distilled triisopropyl phosphite 
[b. p. 68.5-69.5° (15.5 mm); n°°D 1,4128] and 10 ml of toluene were heated under reflux at the boiling point of the 
toluene for 3 hr, At the conclusion of the reaction, several drops of the mixture were placed on a watch glass, several 
drops of n-hexane were added, and the mixture was energetically rubbed with a glass rod, Tiny crystals soon appeared; 
the rest of the reaction mixture was seeded with these, On the following day 0,8 g (30.07% of the theoretical) of al- 
most colorless crystals were filtered off; after recrystallization from n-heptane these melted at 104-105,5° to a yellow 
liquid, A sample mixture with the isopropyl ester of 2,3-di-(w-phosphonemethyl)-quinoxaline melted at 92-103°, 
Found: P 12.82%. CogHggN2P207. Calculated; P 12.34%, The product thus appears to be the diisopropyl ester of the 
mono-N-oxide of 2,3-di-(w-phosphonemethyl)-quinoxaline, The physical properties of the substance were similar 


to those of the preceeding product, Its solubility in water was slightly lower than the solubility of the esters contain- 
ing methyl and ethyl radicals, 


The interaction of the mono-N-oxide of 2,3-di-(w-bromomethyl)-quinoxaline with triallyl phosphite, One g 
of the mono-N-oxide of 2,3-di-(w-bromomethyl)-quinoxaline, 1,2 g of triallyl phosphite, and 10 ml of benzene were 
heated at the boiling point for 6 hr, A dark liquid was obtained which did not crystallize when rubbed with a glass 
rod or addition of n-hexane or petroleum ether, After removal of the solvent, an attempt was made to distill the 
residue under an oil pump vacuum, But decomposition began at an oil bath temperature of 170°, A solid, black, 
tarry mass removed in the distillation flask, A repetition of the experiment again yielded the dark uncrystallizable 
liquid, The latter after removal of the solvent was subjected to hydrolysis by dilute (1:1) hydrochloric acid in a 
sealed tube at 100° for 6 hr, The dark liquid obtained was evaporated on a water bath for complete removal of the 
hydrogen chloride. The residue was boiled with water and activated charcoal, and the filtrate was concentrated to 
a minimum volume, The product was a noncrystalline dark tarry liquid, 


The interaction of the di-N-oxide of 2,3-di-(w-bromomethyl)-quinoxaline with trimethyl phosphite, A mix- 
ture of 2,08 g of the di-N-oxide of 2,3-di-(w-bromomethyl)-quinoxaline, 1.48 g of freshly distilled trimethyl phos- 
phite, and 20 ml of dry benzene were boiled under reflux for 2,5 hr (evolution of methyl bromide occurred), The 
orange-red liquid became yellow toward the end of the heating period. The addition of petroleum ether (70-100°) 


and rubbing with a glass rod caused the product to crystallize, The weight of crude product was 1.64 g (67.76% of 
the theoretical), 


By recrystallization from a mixture of benzene and n-hexane, there were obtained tiny, light yellow needles 
of m, p. 148-150°, The crystals melted to a dark yellow liquid, Found: P 15.05%. CygHgpN2P20,. Calculated: P 
15.26%, The product appeared to be the dimethylester of the di-N-oxide of 2,3-di-(w-phosphonemethyl)-quinoxaline, 
The substance was soluble in the majority of organic solvents and in water, 


The interaction of the di-N-oxide of 2,3-di-(w-bromomethyl)-quinoxaline with triethyl phosphite, 1.7 g of 
the di-N-oxide of 2,3-di-(w-bromomethy])-quinoxaline, 1,66 g of triethyl phosphite, and 15 ml of dry toluene were 
heated on an oil bath at the boiling point of the solvent for 2 hr, A dark-red liquid was obtained, Crystallization 
did not occur on standing overnight, but by shaking the flask it soon began, Yellow needles, 0,7 g (31.2% of the 
theoretical) were removed by filtration; after washing with petroleum ether they melted at 131-135°, After recrys- 
tallization from a mixture of benzene and petroleum ether the diethyl ester of the di-N-oxide of 2,3-di-( w-phos- 
phonemethy!)-quinoxaline was obtained in the form of light yellow crystals with m. p, 136-138°, The product was 
quite soluble in benzene, chloroform, and acetone, less soluble in ether, and poorly soluble in petroleum ether, It 
was quite soluble in water, Found: P 14,09, 14.11%. CygHagOsP2N,. Calculated: P 13.41%, 


The hydrolysis of the ester was carried out as described in the first experiment. A mixture of 0.5 g of the sub- 
stance and 15 ml of dilute HCl (1:1) was heated in a sealed tube at 100° for 5 hr, The product of the hydrolysis was 
recrystallized from water with activated charcoal, The yellow crystals began to change when heated to approximately 


200°, becoming dark colored, and at 210-212° they melted with foaming to a black liquid. Found: P 17,72%, 
Calculated; P 17.71%. 


The interaction of the di-N-oxide of 2,3-di-(w-bromomethyl)-quinoxaline with triisopropyl phosphite, To 
1,73 g of triisopropyl phosphite dissolved in 10 ml of dry benzene was added 1,45 g of finely divided di-N-oxide of 
2,3-di-(w-bromomethyl])-quinoxaline, Immediately the liquid above the yellow dioxide became a bright rose-red 
color, On heating over a boiling water bath the mixture boiled; all of the solid dissolved, and the solution gradually 
began to take on a yellow color, The heating was continued for 3 hr, Toward the end of the heating, the solution 
became dark-red, After boiling 5 times with activated charcoal, it became somewhat lighter, n-Hexane was added, 
and the mixture was allowed to stand overnight; 0.4 g (18.52% of the theoretical) of yellow crystals precipitated, 
Recrystallized from a mixture of benzene and petroleum ether (40-60°), the crystals melted at 127-129° (to form a 
dark liquid). Found: P 11.97%, CopHggN2P20,. Calculated: P 11.96%. According to the analytical data the sub- 
stance was the diisopropyl ester of the di-N-oxide of 2,3-di-(w-phosphonemethyl)-quinoxaline, The substance re- 
sembled in physical properties the preceeding products, 


The interaction of the di-N-oxide of 2,3-di-(w-bromomethyl)-quinoxaline with triallyl phosphite, A gram of 
the di-N-oxide of 2,3-di-(w-bromomethyl)-quinoxaline and 1.75 g of freshly distilled triallyl phosphite (b, p, 87- 
87,5°, 8-8.5 mm) was heated under reflux in 10 ml of dry benzene for 6 hr. After removal of the benzene there re- 


mained a dark red, viscous, noncrystallizable liquid, A Beilstein test was negative, The product was soluble in ace- 
tone, ether, alcohol, and water, 


An attempt to hydrolyze the liquid with dilute (1:1) hydrochloric acid by heating in a sealed tube for 6 hr at 


100° did not give the desired results, A dark tarry product was obtained which could not be purified by numerous 
applications of activated charcoal, 


SUMMARY 


By the interaction of the mono-N- and di-N-oxides of 2,3-di-(w -bromomethyl)-quinoxaline with trialkyl 


phosphites there was synthesized a series of esters of phosphinic acid containing mono-N- and di-N-oxidoquinoxalinic 
radicals; some of their properties were studied, 
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ON IMIDES OF THE PHOSPHORUS ACIDS 
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No, 6, pp. 1022-1030, June, 1961 
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In connection with a systematic investigation of the tautomerism of organophosphorus compounds[ 1}, it appeared 
interesting to inquire into the tautomerism of the amides of pentavalent phosphorus acids, for example: 


RO RO 
\p7 
(la) PZ Pp (Ib) 
RO” \NHR’ ~ NNR’ 
amide form imide form 


By analogy with lactim-lactam tautomerism, and that of the carboxylic acid amides in general, such tauto- 


merism appears completely possible, However, to the present time no example of such tautomerism has been dem- 
onstrated, 


For the elucidation of this question we selected as the method of investigation the study of the influence of 
electrophillic substituents (in our example — those found on the nitrogen atom of the amidophosphate) on the position 
of the hydrogen atom in the molecule, If forms (Ia) and (Ib) are found in tautomeric relation, then the position of 
the tautomeric equilibrium under otherwise equal conditions will depend on the electrophilic strength of the radical 
R’. For a weakly electrophillic radical R', the equilibrium must be displaced practically completely in the direction 
of the form (Ia), since the hydroxyl-containing form (Ib) must be a considerably stronger acid than (Ia), which con- 


tains the hydrogen atom on the nitrogen; it is known that a tautomeric equilibrium is displaced in the direction of 
the form which appears as the weaker acid [2], 


In proportion to the increase of the electrophillic strength of the radical R', for example in the series 


Alk < Ar < COR < PO(OR), < SO.R 


the amide form (Ia) must become more strongly acidic at the same time as the acidity of the imide form (Ib) less 
sharply increases, Consequently, the equilibrium will be gradually displaced in the direction of the form (Ib), and 


it must be proposed that for strongly electrophillic substituents, such as PO(OR), or SO,R, it will be completely dis- 
placed toward form (Ib), 


One can cite many examples of the displacement of a tautomeric equilibrium by the introduction into the 
molecules of the tautomeric substance of substituents with gradually increasing electrophillic strength, Thus, in the 
case of the alpha-substituted derivatives of acetoacetic ester, 


fe) 
CH ACK CHICK 
CHR—COOC.Hs NCR—COOC.Hs ; 


the increasing electrophillic strength of the radical R displaces the equilibrium toward the enol form (since the acid- 


ity of the ketone form is increased by this more rapidly than the enol); this displacement is illustrated by the follow- 
ing data: 
R H C,H, COOC,H, COCH, 
% enol 3,0[3] 7,4[4] 30,5[3] 90[5) 


Precisely this type of phenomenon was observed and successfully used by Sheinker [6] during the investigation 
of tautomerism in a series of N-substituted a -aminopyridines and «-aminothioazoles, for example 


(| 
* 


The content of the pyridonimine form increases with the change to more electrophillic substituents R of the series 
Alk, H, Ar << COCH, < COCCI; < SO,R < NO, 


One can conclude from an examination of the data of the literature on the infrared spectra of dialkyl-N-alkyl- 
(or aryl)-amido phosphates [(Ia) or (Ib), R’ = Alk or Aryl] that these substances have the amide structure or, that if 
they are tautomeric the equilibrium is displaced toward the amide form (Ia) [7]. 


We attached electrophillic groups — acetyl, phosphoryl, and methylsulfonyl to the nitrogen atom of such sub- 
stances, and obtained the following N-substituted amidophosphates and amidophosphenates 


C,H,0% ‘NHCOCH; CH,“ \NHCOCH; 
0 
(IV) 
C,H,“ \NHCOCH, 


C,H,0O” C;Hs0“ ‘NHSO,CHs; 


Diethyl N-acetylamidophosphate (II) was obtained by the dealkylation of triethyl N-acetylamidophosphate 
with dry hydrogen chloride 


O 


C,H,O*\, 
C,H,O—P=NCOCH, + HCl 
NHCOCH; + C,H,Cl 


The synthesis of the O-ethyl-N-acetylamidoalkylphosphenates (III and IV) was realized according to the following 
scheme; 


©,H,0 OCH H,0 H,O. 

C,H,O. 
SPNHCOCH, 
C.H,O R“ \NHCOCH, + CoH, I 


Thus by the action of acetamide on tetraethyl pyrophosphite in a manner analogous to the action of amines [8], di- 
ethyl N-acetylamidophosphite (VII) was obtained: this was then subjected to the Arbuzov rearrangement through 

the action of methyl and ethyl iodides, The reaction of tetraethyl pyrophosphite with acetamide occured, at room 
temperature in ten days, The Arbuzov rearrangement of diethyl N-acetylamidophosphite with methyl fodide occurred 


with the evolution of heat when it was mixed with the reagent; the rearrangement with ethyl iodide required heating 
for six hours at 70-80°, 


The synthesis of diethyl N-diethylphosphorylamidophosphate and diethyl N-methylsulfonylamidophosphate was 
described by us in the preceeding communication of this series [9]. 


The infrared spectra of these substances are given in Fig. 1, According to the data of the infrared spectra, 
N-acetyl substituted amidophosphates and amidophosphenates, just as N-alkyl derivatives, have the amide structure 
(Ila), (Illa), (IVa), or the tautomeric equilibrium is displaced in the direction of these forms 


= 


C,H,0% \NHCOCH, ~ C;H,O% 


(IIb) 

(Illa) R=CHs CHO. OH (IIIb) 
\ 

(IVa) R=C,H, R“ \“NHCOCH; R NCOCH; (IVb) 


Thus, in the spectra of diethyl N-acetylamidophosphate and O-ethyl-N-acetylamidoalkylphosphenate (see 
Fig, 1), there are intense absorption bands in the 1200-1250, 1700, and 3100 cm™ regions, which can be related 
respectively to the valence vibrations of P=O, C=O and N—-H [10]. 
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The spectra of diethyl N-diethylphosphorylamidophosphate and diethyl N-methylsulfonylamidophosphate have 
a different appearance, In the infrared spectrum of diethyl N-diethylphosphorylamidophosphate there is a doublet 
at 1238 and 1267 cm™ caused by the phosphoryl group P=O, Of greater interest however is the absorption band with 
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Fig. 1. 
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2 maxima at 1381 and 1390 cm™ which one can correlate with the presence of the group P=N. We have shown 
earlier in a study [11] of the infrared spectra of ‘the {midophosphates (RO) P= NC,Hs,(RO)s P= NCOCHs and imido- 
phosphenates R'(RO),P = NCgH, that absorption in the 1325-1385 cm~ 1 region in the spectra of the imodophosphates 
can be correlated with the P= N group[11}. in the spectra of diethyl N -diethylphosphor phosphate there 
are observed shallow bands in the 3000 cm™ region and a rather intense band in the 2720 cm~ region which can be 
correlated with the valence vibration of the hydroxyl group involved in a hydrogen bond, In the spectra of solutions 
of these substances in carbon tetrachloride a change in the intensity of these bands is observed by dilution from 1 to 
0.2 M. This is evidently due to the presence of intermolecular hydrogen bonding. 


The presence of the OH and P=N bands, and the absence of a clearly expressed NH band in the infrared spec- 
trum of diethyl N-diethylphosphorylamidophosphate allows one to conclude that this substance has the imide struc- 
ture and consequently that the tautomeric equilibrium is displaced in the direction of the form (Vb), 


O 
(Va) = GH _N—P (Vb) 
H 


By deuterization (replacement of the hydrogen atom of the OH-group by deuterium), the spectrum of diethyl 
N-diethylphosphorylamidophosphate is changed only in the  penomnagd region of the hydroxyl grep there is a de- 
crease in the intensity of the shallow band in the 3000 cm™ region and of the band at 2720 cm~*, and new bands 
appear in thn 2185-2315 region, The spectrum of diethyl N-methylsulfonylamidophosphate also shows the displace- 
ment of the tautomeric equilibrium toward the imide form (VIb) 


C;H,O NHSO;CH; Nso,cH, 


In the spectrum there are bands with a maximum at 1390 ~*~. tea frequency characteristic of the P=N group, and 
the hydroxyl group frequencies (the shallow band at 3000 cm™ 1 and narrower bands with maxima at 2752 and 2693 
cm”), The absorption bands at 1315 and 1235 cm are apparently due to the vibrations of the sulfonyl group [10). 
Monodeuterization of the diethyl N-methylsulfonylamidophosphate also causes displacement of its OH frequencies 
and the appearance of new frequencies at 2312 and 2170 cm™ 


Thus the introduction of more electrophillic substituents— phosphoryl and methylsulfonyl residues — to the nitro- 
gen atom in the amidophosphate apparently displaces the tautomeric equilibrium toward the imide form, 


Interesting data were obtained from the reaction of diethyl N-diethylphosphorylamido phosphate with diazo- 
methane, A mixture of the isomeric O- and N-methylated products (VIII) and (IX) was obtained, 


OH 
fl 
(OC;Hg)2 
ZA (VIN) 
i 
SP =N—P + 
HO 
P—N—P 
GHso (OC,Hs)2 
(ix) 


For confirmation of the presence of the O-methylated product (VIII) we made use of the reaction of such substances 
with dry hydrogen chloride which we described in the preceeding communication [9], By treatment of the mixture 


obtained above with hydrogen chloride, the O-methylated product (VIII) was reconverted to diethyl N-diethylphos- 
phorylamidophosphate (V) 


C,H,0 


YP=N—P -+ HCI oc 
CH.O”% =N—P (OC;Hs)2 + P (OC,Hs)3 CH;Cl, 


(VIII) (V) 
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from which a salt was prepared with dibenzylamine, This salt was identical with that prepared from a known sample 
of diethyl N-diethylphosphorylamidophosphate (m. p. and mixed m. p, 116,5-117°), 


Diethyl N-methyldiethylphosphorylamidophosphate (the product of N-methylation) was not changed by the 
action of hydrogen chloride, and was isolated in approximately 30% yield, Its physical constants were practically 
identical with the constants of the preparation described earlier by B, A. Arbuzov, et al.: thus, for the substance ob- 


tained by us b, p. 105-106° (0.3 mm); n?°D 1.4372, d?°, 1.1664, Data from the literature [12}: b, p. 138-139° (3 mm); 
°D 1.4353; d?°, 1.1666, 


Diethyl N-diethylphosphorylamidophosphate with diazoethane formed only the product of O-ethylation—tri- 


ethyl N-diethylphosphorylamidophosphate, the physical constants of which coincided with the constants of a known 
sample, 


O 
> P—N—P (OC,Hs5)2 7 C,H;O—P = NP (OC2Hs)2 
HO C,H,0 


This substance was completely converted by the action of hydrogen chloride to diethyl N-diethylphosphorylamido- 
phosphate, the dibenzylamine salt of which was identical with the dibenzylamine salt of a known sample of diethyl 
N-diethylphosphorylamidophosphate (m, p. and mixed m, p. 116,5-117,0°), 


EXPERIMENTAL 


Diethyl N-acetylamidophosphate (II), Dry hydrogen chloride was passed through 1.8 g of triethyl N-acetyl- 
imidophosphate [11] for 15 min at 15-20°, The excess hydrogen chloride and ethyl chloride were then removed in 
a vacuum, and to the crystalline residue ether was twice added and removed to eliminate traces of hydrogen chloride; 
the weight of the residue was 1,6 g; m. p. 47-48°, The substance was purified by reprecipitation from an ether solu- 
tion by the addition of petroleum ether (b, p. 30-40°), The yield of diethyl N-acetylamidophosphate was 1,1 g (70%), 
m. p. 49-49,5°, Found: N 7,1, 7.3%. CgHyO,NP. Calculated: N 7.2%, The crystals were soluble in ether, chloro- 
form, and alcohol, difficulty soluble in petroleum ether, 


Diethyl N-acetylamidophosphite (VII), All of the syntheses and other reactions of the substances given below 
were carried out in an atmosphere of dry nitrogen, To 25,1 g (0,1 M) of tetraethyl pyrophosphite was added 5,2 g 
(0,09 M) of acetamide and the mixture was allowed to stand at room temperature, After 10 days the acetamide had 
reacted completely with the formation of a homogeneous solution, The diethyl phosphite formed was removed at 
0.2 mm pressure and a bath temperature of 90° (the yield of diethyl phosphite was 11,2 g-90% of the theoretical; 
np 1.4080), From the residue after 2 distillations there was isolated 13,9 g (78%) of diethyl N-acetylamidophos- 
phite, m, p.49-51° (1°10 mm); 1.4600; d?°, 1.0854; yield 78%. Found: C 40,1, 40.5; H 7.9, 8.2; P 17.1, 
17.4%, MR 45,20, CgH,O3;NP. Calculated: C 40,2; H 7.9; P 17.3%. MR 44,86,° Diethyl N-acetylamidophosphite 
was a colorless liquid soluble in organic solvents, 


Ethyl N-acetylamidomethylphosphinate (II), On the addition of 4.7 g of methyl iodide to 5.8 g of diethyl 
N-acetylamidophosphite (equimolar quantities) the mixture became hot and began to boil, (The flask was cooled 
with cold water), After three hours of reflux at 70°, followed by removal of the volatile products in a water pump 
vacuum, the residue was distilled, A colorless viscous liquid was obtained, 3.2 g (60.4%), b. p. 82,5-83°(1- 10~° mm); 
°D 1.4515; d?°, 1.1632, The substance crystallized on standing, m. p. 42-43°, Found: C 36,1, 36.3; H 7.4, 7.5; 

P 18,4, 18.3%, MR38,26, CsH»,OsNP, Calculated: C 36,4; H 7.3; P 18.8%. MR 38,05, 


Ethyl N-acetylamidoethylphosphinate (IV), A mixture of 6,0 g of diethyl N-acetylamidophosphite and 5,2 g 
of ethyl iodide (equimolar quantities) was heated at 70-80° under reflux until a negative reaction was obtained for 
P = with phenyl azide (6 hr), The yield of ethyl N-acetylamidoethylphosphinate was 4.3g (71.4%); b.p. 84° (1-10 ° 
mm); °D 1,4509; d?°, 1.1265, Found: C 39,9, 40.2; H 7.8, 7.7; P 17.2, 17.0; N 8.4, 8.2%. MR42,82, CgH,OsNP. 
Calculated: C 40,2; H 7.9; P 17.3; N 7.9%. MR®* 42.67, The ester was a colorless liquid soluble in water, benzene, 
and alcohol, but not soluble in petroleum ether, . 


* The AR of nitrogen was taken to be 2,42 [13]. 
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The dibenzylamine salt of diethyl N-diethylphosphorylamidophosphate, To 0,419 g of diethyl N-diethylphos- 
phorylamidophosphate was added 0,286 g of dibenzylamine (equimolar quantities); the mixture became warm and 
crystals were formed; these were dissolved by heating with 2 ml of benzene, and to the hot solution was added 10 ml 

of petroleum ether (b. p. 30-60°); crystals (0,52 g) separated on cooling, m, p. 117°; after recrystallization from petro- 


leum ether — m, p. 117.5°, Found: C 54.8, 54,6; H 7.6, 7.5; P 12,5, 12.6%. CopHggP2N20g. Calculated: C 54.3; 
H 7.4; P 12.7%. 


The reaction of diethyl N-diethylphosphorylamidophosphate with diazomethane, An ether solution containing 
0,12-0.15 M of diazomethane (obtained from nitrosomethylurea and dried for 3 hr over fused potassium hydroxide) 
was added dropwise at 15-20° with cooling to an ether solution of 17,4 g (0.06 M) of diethyl N-diethylphosphoryl- 
amidophosphate in 50 ml of absolute ether, An immediate decolorization of the solution was observed together with 
the evolution of nitrogen, When more than half of the solution of diazomethane had been added, the evolution of 
nitrogen ceased, and the solution remained yellow, On the following day the excess diazomethane and ether were 
removed in a vacuum, By distillation of the residue a fraction was isolated (13.6 g) with b, p, 98-106° (0.06 mm); 
°D 1.5355; d?°, 1.1564, Found: C 35,5, 35.7; H 7.5, 7.7; P 20.2, 20.4%. Calculated: 35.6; H 7.6; 

P 20.4%, Since the mixture of isomers could not be separated, it was treated with hydrogen chloride, 


The action of hydrogen chloride on the product of composition CgHz;0,NP2. Dry hydrogen chloride was passed 
through 8 g of the product with composition CgHggO,NP2 at 15-20°, Two fractions were isolated by distillation in 
vacuo: I—b.p, 52-55° (0,003 mm), 2.0 g; and II— b, p. 82-86° (0,003 mm); nfy 1.4412; di” 1.2037; 4.6g. 


Fraction I was distilled once more at 0,3 mm: b, p, 105-106"; °D 1.4372; d”% 1.1664, Found: C 35.1, 35.4; 
H 7,9, 7.8; P 20.1, 20.0%. CoHg3O0gNP2. Calculated: C 35,6; H 7.6; P 20.4%. The data from the literature for the 
amide [2] are: b, p. 138-139° (3 mm); 1,4353; d?°, 1.1666, 


The fraction appeared to be diethyl N-diethylphosphorylamidophosphate which had been obtained earlier [9] 
and had the following constants: b, p, 79-80°(1+10™ mm); n°D 1,4415; d®°, 1,2029, The equivalent weight (thymol- 
phthalein) was 290.5, The calculated equivalent weight of CgHg,O,NP, is 289.2, The dibenzylamine salt (obtained 


by the procedure described above), m. p, 116,5-117°, gave a mixture melting point with the dibenzylamine salt of 
a known sample of diethyl N-diethylphosphorylamidophosphate of 116,5-117°, 


The reaction of the diethyl N-diethylphosphorylamidophosphate with diazoethane, To a solution of 9 g (0.31 
M) of diethyl N-diethylphosphorylamidophosphate in 20 ml of absolute ether was added dropwise an ether solution 
of diazoethane (approximately 0,05-0.06 M) with cooling, Nitrogen was evolved and the solution was bleached, 
Toward the end of the addition the solution remained orange, On the following day the diazoethane and ether were 
removed in vacuo, Triethyl N-diethylphosphorylimidophosphate 8,0 g (yield 81%) was isolated by vacuum distilla- 
tion; b, p. 98° (0,1 mm); 1.4372; d?°, 1.1285, Found: C 38,3, 38,2; H 8.2, 8.2; P 18.9, 19.1%, 


Calculated; C 37,8; H 7.9; P 19.5%, The literature data for triethyl N-diethylphosphorylimidophosphate [9] are: 
b. p. 121° (0.5 mm); °D 1.4345; d?°, 1.1294, 


The triethyl N-diethylphosphorylimidophosphate, 4 g, was treated with dry hydrogen chloride (15-20°), Diethyl 
N-diethylphosphorylamidophosphate, 2.8 g, was isolated; b, p. 86-89° (6-7+107 mm); r°D 1.4412; 1.2002, The 
dibenzylamine salt of this material melted at 116,5-117°, A mixture melting point with the dibenzylamine salt of 
a known sample of diethyl N-diethylphosphorylamidophosphate melted at 116,5-117°, 


Monodeuterated diethyl N-diethylphosphorylamidophosphate, This was obtained by dissolving 2.0 g of diethyl 
N-diethylphosphorylamidophosphate in:2,9 g of D2O, On the following day the deuterium oxide was removed in vacuo 
at 2 mm, and was collected in a trap cooled to —-60°, Monodeuterated diethyl N-diethylphosphorylamidophosphate 
was isolated by distillation of the residue; b. p, 77-78° (1 -104 mm); °D 1.4412, Found: C 33.3, 33.2; H+ D 7.2, 
7.3; P 20.8, 20.8%. CgHg9DO,.NP2. Calculated: C 33,1; H+ D 7.6; P 21.3%. 


Monodeuterated diethyl N-methylsulfonylamidophosphate, This was obtained by dissolving 0.1 g of diethyl 
N-methylsulfonylamidophosphate in 2,8 g of D,0. After removal of the DO in vacuo, the residue was recrystallized 
from petroleum ether and melted at 96-96,.5°, Found: C 25,9, 25.9; H+ D 6,2, 6.3; P 13.2, 13.0; S 13.6, 13.6%. 
Cs5HygDOs5SNP, Calculated; C 25,9; H+ D 6,5; P 13,3, 13.8%, The infrared spectra were made on on IKS~14 instru- 
ment, The cell thickness used for the liquid substances was 0,01 mm, The potassium bromide pressed disc method 
was used to obtain the spectra of the solid substances, (6 mg of the substance and 0,7 g of potassium bromide), 


= 


SUMMARY 


1, Diethyl N-acetylamidophosphate and the O-ethyl-N-acetylamidoalkylphosphinates (C ,Hs0)RPONHCOCH, 
(R = CH, and C,Hs) were synthesized, and on the basis of the infrared spectral data conclusions were drawn about 
the amide structure of these substances, * 


2, On the basis of the infrared spectral data, it is suggested that diethyl N-diethylphosphorylamidophosphate 
and diethyl-N-methylsulfonylamido phosphate have the imide structure, in contrast to the N-alkyl- and N-acyl- 
amidophosphates which have the amide structure, 


3, Diethyl N-diethylphosphorylamidophosphate reacted with diazomethane to form the products of both O- 
and N-methylation, but with diazoethane — only the O-ethylation product was attained, 
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THE CONDENSATION REACTION OF ME THYLPHOSPHONIC ACID 
WITH @,w-DIETHOX YDIMETHYLSILOXANES 


K. A. Andrianov, T. V. Vasil*‘eva, and L. M. Khananashvili 


M. V. Lomonosov Institute of Fine Chemical Technology 
Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, 
No, 6, pp. 1030-1035, June, 1961 

Original article submitted July 6, 1960 


The heterofunctional condensation reaction is widely used in the synthesis of organosilicon compounds, In the 
present work the condensation of a ,w-diethoxydimethylsiloxanes with methylphosphonic acid was studied, Experi- 
ments showed that this reaction is a convenient method also for the synthesis of mixed organosilicophosphorus com- 
pounds, The process goes preferentially in the direction of formation of cyclic products and not toward the forma- 
tion of high-polymeric compounds as might be expected, Increase of the distance between alkoxyl groups in a ,w- 


diethoxydimethylsiloxanes does not change the direction of the reaction, In all cases the reaction goes according 
to the following scheme: 


HO N 

CoH, + — > 2C,H,OH + | PO 
n 3 | n | 


a=1,2,3,4,5 


Study of this reaction in the case of condensation of methylphosphonic acid with a ,w-diethoxydimethylsiloxanes 


having the general formula C2H;O[CHg)2Si0],C,H, Where n = 1—5, showed that the siloxane bond is not cleaved if 
ns 4, 


In this case the resulting cyclic compounds contain as many dimethylsiloxane groups as there are in the ori- 
ginal a ,w-diethoxydimethylsiloxane, Thus in the condensation of methylphosphonic acid with the a ,w-diethoxy- 
dimethylsiloxane where in n = 3, hexamethylcyclomethylphosphonoxytrisiloxane was isolated; with n = 4, octamethyl- 
cyclomethylphosphonoxytetrasiloxane was obtained, In the condensation of methylphosphonic acid with the a ,w- 

diethoxydimethylsiloxane where in n = 2, tetramethylcyclomethylphosphonoxydisiloxane is formed, The condensa- 


tion of methylphosphonic acid with dimethyldiethoxysilane leads to the formation of tetramethylcyclodi(methyl- 
phosphonoxy)disiloxane, 


In the condensation of methylphosphonic acid with the a ,w-diethoxydimethylsiloxane, where in n = 5, the 
reaction proceeded with cleavage of the siloxane bond and formation of hexamethylcyclomethylphosphonox ytri- 
siloxane, and only a small amount of decamethylcyclomethylphosphonoxypentasiloxane was isolated, 


The compounds obtained are colorless, viscous liquids distillable in vacuo, which are easily hydrolyzed by 
atmosphieric moisture, The main physicochemical properties of the synthesized compounds are given in Table 1, 


In order to determine the composition and structure of the compounds obtained, not only analytical data for 
the first three compounds, but also their infrared absorption spectra were studied, The absorption spectra-of hexa- 
methylcyclomethylphosphonoxytrisiloxane, tetramethylcyclomethylphosphonoxy disiloxane, and tetramethylcyclodi- 
(methylphosphonoxy)disiloxane are shown in Figs, 1, 2, and 3, As is evident from Figs, 1-3, the following absorp- 
tion bands occur: 2965, 2908, 1414, 312, and 815 cm™, characteristic of the CH group; 1262 cm”, characteristic 
of the Si-CH, bond; 1200-1225 cm™, characteristic of P=O; 1040-1100 cm”, characteristic of -Si-O-Si-. 


The absorption spectra of hexamethylcyclomethylphosphonoxytrisiloxane and tetramethylcyclodi(methylphos- 
phonoxy)disiloxane have an intense absorption band in the 1040-1100 cm™! region; tetramethylcyclomethylphos- 
phonoxydisiloxane has an absorption band with a maximum at ~1025 cm™, For all three of the prepared compounds 
the 1000-1100 cm~ absorption bands apparently are superposed on absorption bands corresponding to the Si-O—P 
group, The absorption bands for the Si-O—Si bond lie in a region corresponding to that for cyclic compounds, 


In order to confirm the structure of the prepared compounds, hexamethylcyclomethylphosphonoxytrisiloxane, 
tetramethylcyclomethylphosphonoxydisiloxane, and tetramethylcyclodi(methylphosphonoxy)disiloxane were hydro- 
lytically cleaved and their hydrolysis products studied, The experiments showed that on treatment of the indicated 
compounds with water the following destructive reaction takes place; 


[icr,),s:0] +HO —> [(ci,),sio | + CH,;P(OH), 
| n J n 


The methylphosphonic acid formed was titrated with 0,1 N potassium hydroxide solution, Results are given in Table 


2, The experiment showed that methylphosphonic acid is formed in quantities closely corresponding to the given - 
equation, 


400 1200 000 v,cm™ 400 «1200S (000s cm 


Fig. 1. IR absorption spectrum of hexa- Fig. 2, IR absorption spectrum of tetra- 
methylcyclomethylphosphonox ytrisilox- methylcyclomethylphosphonoxy disilo- 
xane (1) and its hydrolysis product (2), 


On treatment of the methylcyclophosphonoxysilox- 
anes, listed in Table 2, with water the mixture became 
turbid, and the reaction product then separated into two 
layers, Other hydrolysis products also were studied, In the 
case of tetramethylcyclomethylphosphonoxydisiloxane it 
was found that the upper layer consisted of polydimethyl- 
cyclosiloxanes, whereas the lower layer was an aqueous 
solution of methylphosphonic acid, from which, after eva- 
poration of the water, methylphosphonic acid crystals were 
{solated, The results of analysis of the hydrolysis products, 
are given in Table 3, 


00 Moreover, the infrared absorption spectra of the hydro- 
lysis products of tetramethylcyclomethylphosphonoxydisilox- 
were studied, In Figs, 2 and 3 the dashed lines show the 
(2) ere © infrared absorption spectra of hydrolyzed tetramethylcyclo- 
P methylphosphonoxydisiloxane and tetramethylcyclodi(methyl- 


phosphonoxy)disiloxane, In Fig, 2 a pronounced shift of the 
absorption-band maximum from 1025 to 1081 cm™! is evident, This showed once more that in the course of hydrolysis 


the six-membered ring is converted to an eight-membered octamethylcyclotetrasiloxane, and the frequency of 
the Si-O-—Si absorption band is shifted from 1025 to 1081 cm™, 


EXPERIMENTAL 


Methylphosphonic acid, m, p, 104°, containing 30.27% phosphorus, was used for the preparation of the des- 
cribed compounds; & ,w-Diethoxydimethylsiloxanes were prepared by partial hydrolysis of dimethyldiethoxysilane, 
The constants of the compounds obtained corresponded to those given in the literature [1]. 
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+ Synthesis of hexamethylcyclomethylphosphonoxytrisiloxane, The reaction was carried out with a molar ratio 
of 1,3-diethoxyhexamethyltrisiloxane to methylphosphonic acid, equal to 1:1.2, The mixture was heated in a four- 


neck flask provided with a stirrer, thermometer, and straight condenser, The temperature in the liquid gradually rose 
to 100-110°, The alcohol that distilled off, amounted to 96% of theoretical, After driving off the alcohol, the reac- 
tion mixture was fractionated in vacuo, A product, boiling at 134-136° (1-2 mm), was isolated, The yield of hexa- 
methylcyclomethylphosphonoxytrisiloxane was 70% of theoretical, 


TABLE 2, Number of Moles of Methylphosphonic Acid Obtained on 
Treatment of Dimethylcyclomethylphosphonoxysiloxanes with Water 


CHgPO,(OH)>» 


Compound 


Hexamethylcyclomethylphosphonoxytri- 
siloxane 
Tetramethylcyclomethylphosphonoxy di- 

siloxane 
Tetramethylc yclodi(methylphosphonoxy)- 
disiloxane 


TABLE 3, Analysis of Tetramethylcyclomethylphosphonoxydisiloxane 
Hydrolysis Products 


Synthesis of tetramethylcyclomethylphosphonoxydisiloxane, The reaction was carried out with a molar ratio 
of 1,2-diethoxytetramethyldisiloxane to methylphosphonic acid, equal to 1: 1,2 under conditions similar to those of 
the preceding experiment, The alcohol that distilled off, amounted to 84% of theoretical, After driving off the 
alcohol the products were fractionated in vacuo, Tetramethylcyclomethylphosphonoxydisiloxane, b, p, 141-143° 
(1-2 mm), was isolated, The yield was 40% of theoretical, 


Synthesis of tetramethylcyclodi(methylphosphonoxy)disiloxane, The reaction was carried out with a molar 
ratio of dimethyldiethoxysilane to methylphosphonic acid, equal to 1: 1.5 under the conditions described for hexa- 
methylcyclomethylphosphonox ytrisiloxane, 


The alcohol that distilled off, amounted to 85% of theoretical, Tetramethylcyclodi(methylphosphonoxy)di- 
siloxane distilled at 173-175° (1-2 mm), The yield was 33% of theoretical, 


Synthesis of octamethylcyclomethylphosphonoxytetrasiloxane, The reaction was carried out with the ratio 


[(CHs) SiO}, : (HO), 
\cH 


equal to 1: 1.2. Octamethylcyclomethylphosphonoxytetrasiloxane distilled at 114-116° (1-2 mm); the yield was 50% 
of theoretical, 


Synthesis of decamethylcyclomethylphosphonoxypentasiloxane, The reaction was carried out with a molar 
ratio of 1,9-diethoxydecamethylpentasiloxane to methylphosphonic acid, equal to 1: 1,2 under the conditions de- 
scribed for hexamethylcyclomethylphosphonoxytrisiloxane, At 119-121° (1-2 mm) decamethylcyclomethylphos- 
phonoxypentasiloxane and hexamethylcyclomethylphosphonoxytrisiloxane distilled over in yields equal to 15 and 
55% of theoretical, respectively, 


Determination of methylphosphonic acid, A weighed sample (0,2-0.3 g) of the product was dissolved in 20 ml 
of water, To ensure quantitative hydrolysis the mixture was left for 15-20 hr, After this it was titrated with alkali 


in the presence of thymolphthalein, In this way the amount of methylphosphonic acid, formed on hydrolysis, was 
determined, 


~ 
| 
found 
0.99 
2 1,95 
Polydimethylcyclosiloxanes Methylphosphonic ‘acid 
jeatculated | calculated found 
H.% | 8.15 | 8.20 | M.p.. °C] 103 104 
Si, % 37.9 37,2 
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Analysis of the upper and lower layers of the hydrolysis product, The compounds obtained were hydrolyzed as 
described above, After this 5-8 ml of ether was added to the mixture; the latter then separated into two well-de- 


fined layers, The lower, water layer was poured into a casserole, the water evaporated, and the resulting crystals 
analyzed, The upper, ether layer was poured into a casserole, brought to constant weight in a vacuum cabinet, and 
analyzed, 


The authors thank N, P, Gashnikova for taking the IR absorption spectra of the products obtained, 


SUMMARY 


1, The condensation reaction of methylphosphonic acid with o ,w-diethoxydimethylsiloxanes, leading to the 
formation of dimethylcyclomethylphosphonoxysiloxanes, was studied, 


2, The properties of dimethylcyclomethylphosphonoxysiloxanes and their reactions with water were studied, 
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In our earlier article together with Nesmeyanov and Novikova [1] we described the synthesis of stereoisomers 
of di-(cis-)- and di-(trans-propenyl)mercury from cis- and trans-propenylmercury bromide and conversions thereof, 
in which the configuration of the propenyl radical is retained, and gave a proof of the structures of these cis- and 


trans-isomers, The synthesis of di-(cis-)- and di-(trans-propenyl)mercury from the corresponding propenyllithium 
stereoisomers and mercuric bromide according to the scheme 


2CH,CH =-CHLi +- HgBr, —> (CH;CH=CH), Hg ++ 2LiBr 


is set forth in the present article, Thus the resulting dipropenylmercury stereoisomers react with mercuric bromide 
without changing the configuration of the propenyl radical, and give cis- and trans-propenylmercury bromide, re- 
spectively, On the basis of the rule of nonalteration of the geometrical configuration in electrophilic and radical 
substitutions on the olefinic carbon[1, 2], I synthesized cis-trans-dipropenylmercury through the reaction of cis- 
or trans-propenylmercury bromide with trans- or cis-propenyllithium according to the scheme 


CH H 


CH, Li CH HH H 
H% \HgBr CH; 


As in the case of cis-trans-di(8 -chlorovinyl)mercury [3], the exchange reaction of this substance with thallic chloride 
in ether led to pure cis-propenylmercury chloride containing no trace of the transisomer, and also to pure di-(trans- 
propenyl)thallium chloride, Thallic chloride instantly exchanges two chlorine atoms for two trans-propenyl groups, 
whereas the cis-propenyl group remains bound to the mercury atom in cis-propenylmercury chloride. 


HgCl 


CHy 
C=C C=C 


TICI 


H CH 
2 


An admixture of di-(cis-)- and di-(trans-propenyl)mercury in the original substance would necessarily give, in this 
case, a mixture of the cis- and trans-isomers of the propenyl compounds of thallium and mercury. Thus this reaction 
provides cogent arguments in favor of the cis- and trans-configurations of propenyl groups bound to the mercury atom 
in our dipropenylmercury, Cis- and trans-propenylmercury bromides were isolated from the reaction products of cis- 
trans-dipropenylmercury and mercuric bromide by fractional crystallization, 


Investigation of the IR spectrum showed that the dipropenylmercury has the vibration frequencies 920w and 
1595s* cm™! which characterize extra planar vibrations of the hydrogen atom and the C=C double bond of the cis- 
propenyl compound, whereas the vibration frequencies 980s and 1692s cm ~! characterize this substance as the trans- 
propenyl compound of mercury [1]. The trans-series of olefinic compounds has intense vibration frequencies in the 
950-980 cm~ region [4], and higher vibration frequencies in the region of the C=C bond than the cis-isomers. There - 
fore the results of investigation of the IR spectrum confirm our conclusion on the configuration. Moreover, propenyl- 
mercury acetate was synthesized in 91% of the theoretical yield through the reaction of di~{trans-propenyl)mercury 
with mercuric acetate in a benzene medium in the presence of traces of acetic acid. 


*s — strong; w — weak, 


EXPERIMENTAL 


Di-cis-propenylmercury, To an ethereal solution of cis-propenyllithium, prepared at 5° from 1.146 g (0.1654 
mole) of metallic lithium in 90 ml of dry ether and 10 g (0,0826 mole) of cis-propenyl bromide in 10 ml of ether, 
7.84 g (0.0288 mole) of mercuric chloride in 8 ml of tetrahydrofuran was slowly added at 3-5°, After stirring for 
2 hr at room temperature the reaction mass was decomposed with saturated ammonium chloride solution at 0-3°, 
washed with water (cold), and dried with fused calcium chloride, The solvent was completely distilled from the re- 
action product in vacuo at room temperature, The residue — a clear, liquid product — weighed 7 g; 85.5% of theo- 
retical, Di -cis-propenylmercury had b, p, 79-80° (14 mm); °D 1,5628, 


Reaction of di-cis-propenylmercury with mercuric bromide, To 3 g (0.0106 mole) of freshly-prepared, un- 
distilled di-cis-propenylmercury in 10 ml of methanol, 3,82 g (0.0106 mole) of mercuric bromide in 9 ml of meth- 


anol was added, There was obtained 6,55 g (95%) of cis-propenylmercury bromide in the form of crystals with m. p, 
60-62°, Recrystallization from ether did not change the melting point, 


According to literature data, cis-propenylmercury bromide has m, p, 60-62° [1]. 


Di-trans-propenylmercury, To an ethereal solution of trans-propenyllithium, prepared at 3° from 2.2 g (0,317 
mole) of metallic lithium in 150 ml of dry ether and 20 g (0,165 mole) of trans-propenyl bromide in 20 ml of ether, 
15 g (0,0552 mole) of mercuric chloride in 15 m1 of tetrahydrofuran was added dropwise at 3-10°, After stirring for 
3 hr at room temperature the reaction product was decomposed (3-5°) with saturated ammonium chloride solution, 
washed with 50 ml of cold water, and dried with sodium sulfate, The solvent was completely distilled off in a water- 


jet-pump vacuum at 35°, The slightly-yellowish liquid residue weighed 13,8 g (88.2% of theoretical) and consisted 
of the known di-trans-propenylmercury [1]. 


Reaction of di-trans-propenylmercury with mercuric bromide, Solutions of 2.8 g (0.0099 mole) of freshly- 
prepared, undistilled di-trans-propenylmercury in 7 ml of methanol and 3.56 g (0,0099 mole) of mercuric bromide 
in 8 ml of methanol were mixed, Three g (94.6%) of theoretical) of trans-propenylmercury bromide was isolated 
from the reaction mass, in the form of crystals with m, p, 119-120°, Recrystallization from ether did not change 
the melting point, Previously-described trans-propenylmercury bromide has m, p, 119-120°[1). 


Cis-trans-dipropenylmercury, To an ethereal solution of trans-propenyllithium, prepared at 5-7° from 1.68 g 
(0.0138 mole) of trans-propenyl bromide in 6 ml of ether and 0,19 g (0,0273 mole) of metallic lithium in 40 ml of 
ether, cis-propenylmercury bromide in 15 ml of ether was added during 20 min (3-5°), After stirring for 2 hr at 10- 
15° the reaction product was decomposed with saturated ammonium chloride solution, wahsed with 15 ml of cold 
water, and dried with fused calcium chloride, The solvent was completely distilled off by means of a water-jet- 
pump at 25-30°, The residue, a liquid product, weighed 2,4 g (91% of theoretical); f°D 1.5592, Found: C 26,48, 
26.36; H 3,68, 3.74; Hg 69.40, 69.95%. CgHiHg. Calculated: C 25,48; H 3,54; Hg 70.98%. 


Trans-propenylmercury acetate, To 4 g (0.0141 mole) of di-trans-propenylmercury in 25 ml of benzene, 4.5 g 
(0.0141 mole) of mercuric acetate and 5 drops of glacial acetic acid were added, All the mercuric acetate dissolved 
within 5 min, A test sample did not give a reaction for mercuric ion with alkali, The reaction mass was concen- 
trated to 2/3 volume, dried with fused sodium sulfate, filtered while warm, and diluted with 10 ml of petroleum ether; 
in this case a precipitate formed, The isolated and dried crystals weighed 6,7 g; m. p. 107-108°, An additional 1,3 g 
of the substance was obtained from the mother liquor, The total amount of the substance obtained was 8 g, which cor- 
responds to 92,9% of theoretical, After recrystallization from a benzene-petroleum ether mixture (1:1), trans-pro- 
penylmercury acetate had m, p. 111°; it decomposed at 135°, Found: C 19,8, 19,6; H 2,88, 2.81; Hg 66.47%. 
Cs5HgHgO,. Calculated; C 19,90; H 2,66; Hg 66.7%, 


Reaction of cis-trans-dipropenylmercury with thallic chloride, To 1 g (0.0176 mole) of freshly-prepared cis- 
trans-dipropenylmercury in 10 ml of dry ether, 0.54 g (0.00353 mole) of thallic chloride in 5 ml of ether was added 
with stirring, After 0,5 hr the resulting white precipitate was filtered out, washed with ether, and dried; weight 0,53 g 
(93% of theoretical), After recrystallization from pyridine the acicular crystals of di-trans-propenylthallium chloride 


decomposed above 340°, According to literature data [1]: decomposition temperature above 340°, Found: C 22.65, 
22,25; H 2.90, 3.05%, CgHyTICl. Calculated; C 22,38; H 3.13%. 


The solvent was distilled from the main filtrate, and the solid residue was recrystallized from methanol, There 
was obtained 0,91 g (93% of theoretical) of cis-propenylmercury chloride, m, p, 88-91°, A mixture test with known, 
prepared cis-propenylmercury chloride gave no melting-point change, 


Reaction of cis-trans-dipropenylmercury with mercuric bromide, A 0.3 g (0,001 mole) quantity of cis-trans- 
dipropenylmercury in 2 ml of methanol and 0,38 g (0,001 mole) of mercuric bromide in 2,5 ml of methanol were 
mixed at room temperature, After 10 min the mixture was cooled (ice water), and the crystals which separated were 
filtered out and recrystallized, The following fractions were isolated: I— m. p. about 88°, 0.2 g; II— m, p. about 
76°, 1.2 g; m, p, 56-60°, 0,18 g. 


Trans-propenylmercury bromide, m, p, 123-124", was isolated from fractions I and II by crystallization from 
fractions I and II by crystallization frompetroleunnether; cis-propenylmercury bromide, m. p. 60-61°, was similarly 
isolated from fraction III, Trans-propenylmercury bromide, described in the literature [1], has m, p, 123-124°, where- 
as its cis-isomer melts at 60-61°, 


SUMMARY 


1, The synthesis of an organomercury compound containing two stereoisomeric propenyl groups, one with the 
cis- and the other with the trans-configuration, was carried out in the case of dipropenylmercury, 


2, The configuration of the dipropenylmercury obtained, was determined by chemical and physical methods, 


3, It is suggested that benzene be used as solvent in the synthesis of acetyl derivatives of mercury through the 
reaction of fully-substituted mercury compounds with mercuric acetate, 
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We had observed a difference in the exchange rates of the cis- and trans- 8-chlorovinyl groups when cis-trans- 
bis(6-chlorovinyl)mercury is reacted with thallium trichloride [1], It was also established that the trans-isomers of 
organometallic compounds containing an olefinic hydrocarbon radical react with thallium trichloride and tribromide 
much more rapidly than do the cis-isomers[2, 3], If it is assumed, as we had done with a substantial degree of cer- 
tainty, that replacement of metal by metai is accomplished asthe result of electrophilic attack by the metal halide 
on the radical of the asymmetric compound, then it follows that the radicals of trans-structure are more electronega- 
tive and in the Kharasch series are located to the left of their cis-isomers, It seemed of undoubted interest to expand 
the study of behavior in the reaction with TIC], to a wider orbit of asymmetric organomercury compounds for the pur- 


pose of comparing a series of radicals, arranged in the order of their ease of cleavage in this reaction, with the Khar- 
asch series, where the hydrogen ion serves as the radical-cleaving reagent, 


For this purpose we synthesized a series of asymmetric organomercury compounds, starting with the organo- 
lithium [4] and organomagnesium [5] compounds and employing the method developed by Nesmeyanov, Kocheshkov, 


and Freidlina [6], and investigated their exchange reaction with thallium trichloride, proceeding in accordance with 
the scheme: 


2RHgR’ + TICI, R.TICI +4- 2R’HgCl 


Analogous to cis-trans-bis(6 -chlorovinyl)mercury [1], cis-trans-dipropenylmercury reacts with thallium tri- 
chloride to yield only the trans-dipropenylthallium chloride in 93% of the theoretical yield, with none of the cis- 


isomer as impurity, while the cis-propenyl radical remains attached to the mercury atom as cis-propenylmercury 
chloride: 


Data on the Reaction of Asymmetric Organomercury Compounds with Thallium Trichloride 


Reaction products isolated 
Organothallium compound | Organomercury compound 


CH HH H CH; H CHL 

C,HsHgC,Hs (CgH,)2TICI C,HsHgCl 
C,HsHgCl 
(CoHg)aTICl + CoHsTICl, a-CygHHgCl 

(CH 
C,HsHgCl 


C4HpHgCH,CyHs TIcl C,H,HgCl + 


CH, HH H CH H CH HgCl 


The cases observed by us earlier by reacting asymmetric organomercury compounds, containing stereoisomeric 
olefin radicals, with thallium trichloride have been summarized in one table along with the experimental material 
described in this paper, 


As a result, study revealed that thallium trichloride exchanges two of its chlorine atoms for those radicals 
attached to the mercury atom that are subjected to electrophilic attack by the hydrogen fon in the decomposition 
of RHgR' with hydrochloric acid [7], with the exception of phenyl-« -naphthylmercury, which deviates from this rule, 


EXPERIMENTAL 
The reaction of cis-trans-dipropenylmercury with thallium trichloride was described in a previous paper [4]. 


Reaction of ethylphenylmercury with thallium trichloride, With cooling (ice + water), 2,5 g (0,008 mole) of 
thallium trichloride in ether solution was added to 5 g (0,016 mole) of ethylphenylmercury [7] in 50 ml of absolute 
ether, The obtained precipitate was filtered, washed with ether, and then with acetone, After recrystallization from 
pyridine, the obtained diphenylthallium chloride did not melt up to 310°; weight 2,35 g (75% of theory), Found: C 
37,20, 37,08; H 2,64, 2.58%, CyHygTICl, Calculated: C 36,57; H 2.56%, From the filtrate we isolated 3,52 g 


(81,7% of theory) of ethylmercury chloride with m, p, 192-193°, The mixed melting point with authentic ethyl- 
mercury chloride was not depressed, 


Reaction of ethyl-a -naphthylmercury with thallium trichloride, With cooling, a solution of 2 g (0.0056 mole) 
of ethyl-a -naphthylmercury in 50 ml of absolute ether was mixed with an ether solution of 1,72 g (0.0027 mole) of 
thallium trichloride, The obtained precipitate of di-«-naphthylthallium chloride was filtered immediately, washed 
with ether, and dried; weight 1,34 g (97.1% of theory); after recrystallization from pyridine it did not melt up to 
310°, Found: C 48,37, 48,38; H 3.0, 2.91%. Co HyTICl. Calculated: C 48,6; H 2.86%, 


After evaporation of the ether we obtained 1,06 g (88.2%) of ethylmercury chloride, which after recrystalliza- 


tion from alcohol had m, p, 191-192°, The mixed melting point with authentic ethylmercury chloride was not de- 
pressed, 


Reaction of phenyl-o -naphthylmercury with thallium trichloride, a) With cooling, a solution of 0,7 g (0.0017 
mole) of phenyi-a -naphthylmercury in 300 ml of absolute ether was mixed with an ether solution of 0,537 g (0.0017 
mole) of thallium trichloride, After 30 min the ether was removed by distillation, and the residue was boiled with 
water, The hot aqueous solution was separated from the precipitate, which after recrystallization from benzene had 
m, p. 188-189°; weight 0.4 g (64.5%), The mixed melting point with authentic «-naphthylmercury chloride was 


not depressed, From the aqueous solution we isolated 0,38 g (62.3%) of phenylthallium dichloride with m, p. 240- 
242°, According to the literature [8]: m, p. 240°, 


b) A solution of 1,3 g (0.0032 mole) of phenyl-« -naphthylmercury in 25 ml of dry dioxane was mixed with 
an ether solution of 0,61 g (0.0019 mole) of thallium trichloride, The next day the obtained precipitate of diphenyl- 
thallium chloride was filtered, washed with ether, and dried, After recrystallization from pyridine it decomposed 
at 310°; weight 0.5 g (79.3%), Found: C 36,41, 36,57; H 2,61, 2.63%, CyHygTICl. Calculated: C 36,57; H 2,56%. 
a-Naphthylmercury chloride was isolated from the filtrate; after recrystallization from benzene it melted at 188- 
189°; weight 0.96 g (76%), The mixed melting point with authentic a-naphthylmercury chloride was not depressed, 


Reaction of a-naphthyl-o-anisylmercury with thallium trichloride, A solution of 0,63 g (0,0014 mole) of 
a -naphthyl-o-anisylmercury, m, p, 223-225°, in 20 ml of dry dioxane was mixed at 40° with an ether solution of 
0,22 g (0.0007 mole) of thallium trichloride, The next day the dioxane was distilled off using a water-jet pump, 
The remaining solid residue (0,8 g) was treated with hot alcohol, Here the insoluble portion of the precipitate was 
di-o-anisylthallium chloride; weight 0.25 g (80.7%); after recrystallization from alcohol, m, p. 269° (decompn.), 
Found; C 36,93; H 3,09%. Cy4HyO2TICl, Calculated: C 37,03; H 3.11%, 


From the alcohol solution we isolated a -naphthylmercury chloride with m, p, 188-189°; weight 0.44 g (86.27%), 
The mixed melting point with authentic «-naphthylmercury chloride was not depressed, 


Synthesis of o- anisylbutylmercury, o-Anisylmercury bromide was added in small portions, at 25-30°, to the 
Grignard reagent obtained from 0.47 g of magnesium and 2,8 g of butyl bromide in 50 ml of absolute ether, All of 
the o-anisylmercury bromide went into solution, After this the reaction mass was stirred for 3,5 hr at 25-30°, The 
next day the reaction mass was decomposed with a saturated solution of ammonium chloride to 1-5°, After drying 
over calcined sodium sulfate, the solvent was removed using a water-jet pump and the residue, an oil, was shown 

to contain mercury but gave a negative test for halogen; weight 2 g (60%). The obtained o-anisylbutylmercury was 
decomposed with alcoholic hydrochloric acid solution, Here butylmercury chloride was isolated in 93.8% yield, 

m, p. 128-129°, According to[9}: m. p. 130°, Found: C 36,63; H 4.9%. CyyHyOHg. Calculated: C 36,20; H 4.4%, 


Reaction of mesityl-« -naphthylmercury with thallium trichloride, A solution of 0,5 g (0.00112 mole) of 
mesityl-o -naphthylmercury, m, p, 180-181°, in 35 ml of a 1: 1 mixture of absolute ether and toluene was mixed 
with an ether solution of 0,18 g (0.00057 male) of thallium trichloride, After 30 min the obtained precipitate of 
di-c -naphthylthallium chloride was filtered; weight 0,21 g (75%), Found: C 48,10, 48,02; H 2,94, 2.94%. CogHy,TICl. 


Calculated: C 48,6; H 2.86%, Mesitylmercury chloride, m. p. 198°, was isolated from the filtrate; weight 0.35 g 
(89.7%). From the literature [10]: m. p. 200°, 


Reaction of o-anisylbutylmercury with thallium trichloride, An ether solution of 0,21 g (0.00068 mole) of 
thallium trichloride was added at room temperature to 0,5 g (0.00137 mole) of o-anisylbutylmercury in 6 ml of 
absolute ether, After 30 min the obtained precipitate was filtered and washed with ether, After recrystallization 
from alcohol, we obtained 0,25 g (83.3%) of di-o-anisylthallium chloride with m, p. 269° (decompn,), Found: C 
36,90, 36,93; H 3,13, 3.09%. Cy4HyO2TICl, Calculated: C 37,03; H 3.11%. 


Butylmercury chloride was isolated from the ether solution, and after recrystallization from alcohol melted at 
128-129°; weight 0,35 g (85.2%), The mixed melting point with authentic butylmercury chloride was not depressed, 


Reaction of benzylbutylmercury with thallium trichloride, A solution of 4,5 g (0,013 mole) of benzylbutyl- 
mercury in 30 ml of absolute ether was cooled to —5° and then mixed with an ether solution of 2,07 g (0,0066 mole) 
of thallium trichloride, The obtained precipitate of thallium chloride was filtered and dried, Weight 1.53 g (50%). 
Evaporation of the ether gave 2,3 g of residue, from which on standing we isolated 1,31 g of butylmercury chloride, 


which after recrystallization from ethanol had m, p, 128-129°, The mixed melting point with authentic butylmer- 
cury chloride was not depressed, 


The liquid residue from the butylmercury chloride was vacuum-distilled to yield a substance that after recrys- 


tallization from ethanol had m, p, 103-104°, The mixed melting point with authentic butylmercury chloride was 
not depressed, 


SUMMARY 


Thallium trichloride exchanges two of its halogen atoms only for a radical that possesses a trans-configuration 


in cis-trans compounds, or for a radical that experiences electrophilic attack by the hydrogen ion in the decomposi- 
tion of RHgR" by hydrochloric acid, 
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In previous communications [1-3] we haveshown that the mercury salt of trinitromethane can be used success- 
fully for the mercuration of various aliphatic, alicyclic, aromatic and heterocyclic compounds to yield substances 
with the general formula R- Hg-C(NOg)3. In addition, it was established [4] that the reaction of this salt with the 
nitro derivatives of aromatic compounds leads to the formation of complex addition products of 1; 1 composition, 
for example, in the case of nitrobenzene the complex NO2C,Hs* Hg[C(NO2)s]2. A study of these reactions revealed 
both a certain similarity and a difference in the chemical behavior of the mercury salt of trinitromethane when com- 
pared with the usual mercurating agents, For this reason it seemed of interest to us to continue a study of the prop- 


erties of this peculiar organomercury compound in reactions characteristic for mercuric salts and, first, in the reaction 
of addition to the double bond, 


As is known, in solvents of general formula ROH a number of mercury salts add to olefins with the formation 
of either 8-mercurated alcohols or ethers, At the present time it has been shown that this reaction goes with the 
prior hydrolysis (alcoholysis) of the mercury salt in accordance with the scheme 


+ ROH = ROHgX + HX; ROHgX (1) 


OR HgX 


and represents stepwise electrophilic addition to the double bond [5], A study of the reactions of the mercury salt of 
trinitromethane with olefins was started by us with a study of the addition reactions of this salt to ethylene in aqueous 
and in alcohol solutions, It was established that the reaction product is not o-trinitromethylmercuri- 6 -hydroxy- 
ethane (or the corresponding ether), the formation of which was to be expected if the reaction went in accordance 
with (1), but instead it is 1,1,1-trinitro-3-(trinitromethylmercuri)propane, (NO, 


It could be postulated that the formation of this compound goes either through the stage of the 6 -mercurated 


alcohol (ether) in accordance with (1) [where X = C(NO2)s], with subsequent replacement of the hydroxyl (alkoxyl) 
group by the trinitromethyl radical: 


(NOz)3 HC (NO,)3 (NOs)s3 CCH,CH,HgC (NOz)3 
OH 


or by the direct addition of the elements of the trinitromethane mercury salt to the double bond: 


CH=CH + Hg [C (NOz)3 CCH,CH:HgC (NOz)s (2) 
To answer this question, we studied the reaction of the mercury salt of trinitromethane with ethylene in sol- 
vents, not containing hydroxyl (alkoxyl) groups, It proved that when the mercury salt of trinitromethane is reacted 
with ethylene in either nitromethane or nitrobenzene medium, i.e., solvents that exclude the possibility of forming 
the 8-mercurated alcohol (ether) as an intermediate, the reaction product is again 1,1,1-trinitro-3-(trinitromethyl- 
mercuri)propane, This may be considered as proof that the formation of this compound takes place by the direct 
addition of the mercury salt of trinitromethane to ethylene (2), This type of addition of mercury salts to the double 


| 


bond of olefins is a new reaction in the chemistry of organomercury compounds, The reaction is run at room tem- 
perature (18-20°), passing a stream of ethylene into a water solution of the mercury salt of trinitromethane for 7-8 
hr; the yield of the end product is 95-98%. 1,1,1-Trinitro-3-(trinitromethylmercuri)propane is a colorless crystal- 


line substance, A characteristic yellow color appears when it is dissolved in either alcohol or acetone; the solutions 
in dry ether or benzene are colorless, 


The reaction of 1,1,1-trinitro-3-(trinitromethylmercuri)propane with acids, halogens, and halide salts goes 
with a replacement of the trinitromethyl radical attached to the mercury atom: 


+ HC (NO,)s 


(NOs), CCH CH (NOs)s— ~ (NO4)3 CCH,CH gBr BrC 


Both the fact that colored solutions arise and the above presented reactions indicate that this trinitromethyl 
radical is capable of tautomeric transformations, analogous to those observed for the mercury salt of trinitromethane 
and for the mercuration products obtained by us{1, 2]. As a result, 1,1,1-trinitro-3 -(trinitromethylmercuri)propane, 


being in the dry state and in nonpolar solvents a true organometallic compound, in polar solvents acquires a saltlike 
character, becoming a derivative of the aci-form of trinitromethane: 


O 
1 
(NOs CCH,CH,HgC (NO3)3 (NOz)3 CCH,CH,Hg—O—N=C (NO,)» 


Because of the poor solubility of the true organometallic compound in water, the equilibrium between the two 
tautomeric forms in water solutions is shifted almost completely toward the side of the organometallic compound, 
This shift progresses with time, and the formation of 1,1,1-trinitro-3-(trinitromethylmercurl) propane is observed 
even 5-6 hr after the termination of ethylene passage, Acidification of the reaction mixture with trinitromethane 
accelerates the formation of the organometallic compound noticeably,* On the other hand, increasing the tempera- 
ture favors some shift of the equilibrium between the two tautomeric forms toward the formation of the energetically 
less favorable aci-form, This circumstance made it possible to recrystallize 1,1,1-trinitro-3-(trinitromethylmercuri)- 
propane from water, It is interesting to mention that the obtained compounds, containing the trinitropropyl radical, 
exhibit under the influence of the nitro group a sharp increase in the stability of the bond between the mercury atom 
and the carbon of the trinitropropyl grouping. For example, 1,1,1-trinitro-3-(chloromercuri)propane remains un- 
changed even when heated with concd, hydrochloric acid in scaled ampoules at 100° for 12 hr; it also fails to react 

with bromine or chlorine, Further study revealed that not only the mercury salt of trinitromethane itself, but, in 
general, also compounds of type RHgC(NO2), are capable of adding to the double bond, Thus, chloromercuritrinitro- 


methane, formed by reacting trinitromethane with aqueous mercuric chloride solution, gives 1,1,1-trinitro-3-(chloro- 
mercuri)propane when reacted with ethylene: 


(NOz)s CHgCl + CHy=CH, (NOs)s CCH,CH,HgCl 


Also of great interest is the ability of 1,1,1-trinitro-3-(trinitromethylmercuri)propane to add to a second molec- 
ule of ethylene, giving the symmetrical bis(trinitropropyl)mercury: 


(NOz)3 CCH,CH3HgC (NO4)3 + CHz=CH, [(NOz)3 CCH,CH,), Hg 


Ethylene is passed into a solution of 1,1,1-trinitro-3-(trinitromethylmercuri)propane at room temperature,® * 
Here it is specifically the addition reaction that takes place, and not the spontaneous symmetrization of the starting 
organomercury compound, since in the absence of ethylene the formation of bis(trinitropropyl)mercury is not observed, 


* Increasing the hydrogen-ion concentration favors transition of the aci-form of trinitromethane to the true form. The 


absorption spectrum of trinitromethane in sulfuric acid solution is analogous to the spectrum of the pseudo acid in 
chloroform solution [ 6}, 


** The reaction may be run in any polar solvents (alcohols, nitrobenzene, etc,), in which the 1,1,1-trinitro-3-(tri- 
nitromethylmercuri)propane {is soluble, It should be mentioned that in these solvents it is possible to obtain bis(tri- 


nitropropyl)mercury directly from the mercury salt of trinitromethane, not isolating the 1,1,1-trinitro-3-(trinitro- 
methylmercuri)propane; the reaction time is 12 hr, 
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Similar to 1,1,1-trinitro-3-(chloromercurl)propane, this compound remains unchanged when heated with concd, min- 
eral acids (except HNOs, d = 1,5), it fails to react with either chlorine or bromine, and it is completely insoluble in 
water, 


Further it was shown that (trinitromethyl)phenylmercury also adds readily to ethylene, However, in this case 
the reaction products proved to be diphenylmercury and bis(trinitropropyl)mercury, the formation of which can be 
explained by the disproportionation of the unsymmetrical addition product: 

2CsHsHgC (NOg)3 4+- CH, — 2 (NOz)s3] 
(CoHs)2Hg + 


Reaction of the mercury salt of trinitromethane with ethylene, the same as mercuration with this salt, occurs 
only in polar solvents, As a result, also in this reaction the aci-form of the salt proves to be the operating source, 
The addition of the mercury salt of trinitromethane to the double bond was studied by us further on the examples 


of propylene, styrene, cyclopentene, and cyclohexene, In all cases the reaction goes by the same scheme as in the 
case of ethylene, Most of the obtained compounds are crystalline products, 


Propylene reacts with an aqueous solution of the mercury salt of trinitromethane, forming 1,1,1-trinitro-2- 
methyl-3-(trinitromethylmercuri)propane, 


CHs—CH=CH, + Hg [C(NO;)3]2 (NO2)s3 
CH3 


If the reaction is run in alcohol the corresponding symmetrical compound — bis(1,1,1-trinitro-2-methylpropyl)mer- 
cury — is obtained, 


2 CHs—CH=CH, + Hg [C (NOz)s]2 + [(NO2)sCCH—CH)],Hg 
CH; 
Reaction of the mercury salt of trinitromethane with styrene leads to the formation of 1,1,1-trinitro-2-phenyl- 
3-(trinitromethylmercuri)propane, The corresponding symmetrical compound 
CeHsCH=CH, + Hg [C (NOg)s]2 > (NO2)3 
is a viscous oil, The reaction of the mercury salt of trinitromethane with cyclopentene and cyclohexene does not go 
as completely as when the reaction is with an olefin having a terminal methylene group, In the case of cyclopentene, both 


the symmetrical and the unsymmetrical addition products are crystalline compounds, The reaction with cyclohexene 
leads to only one crystalline product, namely 1-trinitromethyl-2-(trinitromercuri)cyclohexane, 


+ Hg [C > (NOs), | 
(NO4)s | 


\ 


| -+ Hg [C (NO3)3), | | 


In their chemical properties, the products obtained by the addition of the mercury salt of trinitromethane to 
the above enumerated unsaturated hydrocarbons are analogous to the corresponding ethylene derivatives, The mer- 


cury salt of trinitromethane does not react with iso-olefins, having even one quaternary carbon atom at the double 
bond, Thus, for example, isobutylene does not react with the salt either in water or in alcohol solution, 


EXPERIMENTAL 


Preparation of water solution of mercury salt of trinitromethane, Trinitromethane (200 g) was added in small 
portions (10-15 ml each) to a vigorously stirred suspension of 140 g of freshly prepared mercuric oxide in 1200 ml 
of water, The mercuric oxide gradually went into solution, yielding toward the end of reaction a clear solution of 
the mercury salt of trinitromethane, The pH of the salt solution should not exceed 2, 


Reaction of mercury salt of trinitromethane with ethylene in aqueous medium. A stream of ethylene was passed 
at room temperature into a water solution of the mercury salt of trinitromethane (10 g in 50 ml of water), contained 
in a graduated cylinder, A precipitate of 1,1,1-trinitro-3-(trinitromethylmercuri)propane deposited within 15-20 min 
after the start of reaction, The total time of ethylene passage was 6 hr, and the precipitate was filtered at 2 hr in- 
tervals, Then the reaction mixture was allowed to stand for 12 hr, and here an additional amount of product deposited, 
Each portion of the filtered precipitate was Washed 2-3 times with water and then air-dried. The total yield was 9,8 g 
(93% of theory); m, p. 167° (with decomposition, allowed to crystallize slowly from water), Found: C 8,97, 9,13; 


H 0,79, 0,82; N 15,96, 15.97%; mole wt, 528.1, CgHyNgOyHg. Calculated: C 9,09; H 0.76; N 15.99%; mole wt. 
528,73, 


The treatment of 1,1,1-trinitro-3-(trinitromethylmercuri)propane with 6 N hydrochloric acid at room tempera- 


ture gave 1,1,1-trinitro-3-(chloromercuri)propane; yield 90% of theory; m. p. 142° (from chloroform), Found; Cl 
8.65, 8.73%, C3HyNsO,HgCl. Calculated: C1 8.56%, 


The reaction of 1,1,1-trinitro-3-(trinitromethylmercuri)propane with bromine in chloroform solution gave 
1,1,1-trinitro-3-(bromomercuri)propane in 81% yield; m. p, 128-129° (from chloroform), Found: C 8,03, 8,13; H 
1,09, 1.17; N 9,42, 9.53%, C3H,N,O,HgBr. Calculated: H 0,88; N 9.46 %, 


1,1,1-Trinitro-3-(trinitromethylmercuri)propane is converted to 1,1,1-trinitro-3-(iodomercuri)propane by re- 
action with potassium fodide in aqueous-alcohol solution; yield 73% of theory; m. p. 102° (from 75% ethyl alcohol), 


Reaction of trinitromethane with ethylene in the presence of mercuric chloride, A stream of ethylene was 
passed for 40 hr at room temperature into a saturated water solution of equimolar amounts of trinitromethane and 


mercuric chloride, The obtained precipitate of 1,1,1-trinitro-3-(chloromercuri)propane was filtered, air-dried, and 
recrystallized from chloroform; m, p, 142°; yield 80% of theory. 


Reaction of mercury salt of trinitromethane with ethylene in nitromethane, A stream of ethylene was passed 
for 2 hr into a solution of 10 g of the mercury salt of trinitromethane in 20 ml of dry nitromethane, The nitromethane 
was vacuum-distilled, The residual precipitate, being a mixture of 1,1,1-trinitro-3-(trinitromethylmercuri)propane 
and bis(trinitropropyl)mercury, was separated by recrystallization from water, Here the water-insoluble portion was 


bis(trinitropropyl)mercury (m, p, 155°, from chloroform), 1,1,1-Trinitro 3-(trinitromethylmercuri)propane was iso- 
lated from the water filtrate and had m, p, 167°, 


Reaction of mercury salt of trinitromethane with ethylene in alcohol medium, A stream of ethylene was 
passed for 12 hr at room temperature into a solution of 10 g of the mercury salt of trinitromethane in 30 ml of ethyl 
alcohol, After 1-1,5 hr, crystals of bis(trinitropropyl)mercury began to separate from the solution; on conclusion of 
reaction the crystals were filtered, washed with a little alcohol, and then several times with water. Dilution of the 
filtrate with water gave an additional amount of bis(trinitropropyl)mercury, Total yield 9.4 g (84% of theory), After 


two recrystallizations from chloroform, m, p, 155° (decompn,), Found: C 12,73, 12,86; H 1,44, 1.49; N 14,82, 15,06%, 
CgHgNgOpHg. Calculated: C 12,94; H 1.45; N 15.09%, 


Reaction of (trinitromethyl)phenylmercury with ethylene, A stream of ethylene was passed for 4 hr at room 
temperature into a solution of 2 g of (trinitromethyl)phenylmercury in 10 ml of ethyl alcohol, The alcohol was 
evaporated, and the obtained precipitate, being a mixture of diphenylmercury and bis(trinitropropyl)mercury, was 
separated by recrystallization from chloroform, in which the diphenylmercury is readily soluble, Bis(trinitropropyl)- 
mercury has m, p. 155° (from chloroform); yield 1,05 g (80.5% of theory), Evaporation of the filtrate gave 0,65 g 


(78% of theory) of diphenylmercury with m, p, 125° (from a 1:1 mixture of acetone and water), Literature data for 
diphenylmercury [7]: m, p. 125°, 


Reaction of 1,1,1-trinitro-3 -(trinitromethylmercuri)propane with ethylene, A stream of ethylene was passed 
for 10 hr into a solution of 10 g of 1,1,1-trinitro-3-(trinitromethylmercuri)propane in 50 ml of ethyl alcohol, The 
obtained precipitate of bis(trinitropropyl)mercury was filtered; the filtrate was evaporated to a volume o1 10 ml, 
and here an additional amount of bis(trinitropropyl)mercury was obtained; total yield 6,9 g (65.5% of theory). 
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Reaction of mercury salt of trinitromethane with propylene in aqueous medium, A stream of propylene was 
passed for 4 hr at room temperature into 40 ml of a water solution of 10 g of the mercury salt of tinitromethane, A 
white crystalline precipitate of 1,1,1-trinitro-2-methyl-3-(trinitromethylmercuri)propane began to deposit within 
15-20 min, The reaction mixture was allowed to stand overnight. The obtained precipitate was filtered, washed 
with water, air-dried, and recrystallized from chloroform; m, p, 133-134° (decompn.); yield 10.6 g (97% of theory), 
Found: C 11,04, 11,16; H 1.17, 1.21%, Calculated: C 11.06; H 1.11%, 


Reaction of the above compound with bromine in chloroform solution gave 1,1,1-trinitro-2-methyl-3-(bromo- 


mercuri)propane in 86% yield, m, p, 117-118° (from chloroform), Found; Br 16,74, 16.78%. C,HgNsO,HgBr. Cal- 
culated; Br 16,93%. 


1,1,1-Trinitro-2-methyl-3-(trinitromethylmercuri)propane was converted to the corresponding chloride by 


treatment with concd, hydrochloric acid; yield 91% of theory; m. p, 119° (from chloroform), Found: Cl 8,05, 8.11%. 
Calculated: Cl 8.28%, 


Reaction of mercury salt of trinitromethane with propylene in alcohol medium, A stream of propylene was 
passed for 5 hr into a solution of 10 g of the mercury salt of trinitromethane in 30 ml of ethyl alcohol, The solvent 
was evaporated to a residue of 10-12 ml and the obtained crystals of bis(1,1,1-trinitro-2-methylpropyl)mercury were 
filtered, washed with water, dried, and recrystallized from chloroform; m. p. 124-125° (decompn.); yield 9.25 g (79% 


of theory), Found: C 16,62, 16.69; H 2,19, 2,23; N 14,15, 14.21%. CgHgNgOy.Hg. Calculated: C 16,42; H 2.06; N 
14,38%, 


Reaction of mercury salt of trinitromethane with styrene, With stirring, 1.2 ml (1 g; 0.01 mole) of freshly dis- 
tilled styrene was added at room temperature to a solution of 5 g (0.01 mole) of the mercury salt of trinitromethane 
in 20 ml of water, The reaction mixture became cloudy and after several minutes a viscous colorless oil began to 
separate, which crystallized in 5-6 hr, The flask contents were allowed to stand overnight; the next day the 1,1,1- 
trinitro-2-phenyl-3-(trinitromethylmercurl)propane was filtered, washed with water, air-dried, and recrystallized 
from a 2:1 mixture of chloroform and carbon tetrachloride; m. p, 129°; yield 4,7 g (80% of theory). Found; C 19,53, 
19,72; H 1,33, 1.43%, CyoHgNgO..Hg. Calculated: C 19.85; H 1.33, Reaction of the compound with bromine in 
chloroform solution gave 1,1,1-trinitro-2-phenyl-3-(bromomercuri) propane in 90% yield; m. p, 135° (from chloro- 
form). Found: Br 14,75, 14,85, CoHgN;OgHgBr. Calculated; Br 14.94%, 


1,1,1-Trinitro-2-phenyl-3-(trinitromethylmercuri)propane was converted to the corresponding chloride in 82% 


yield by treatment with concd, hydrochloric acid; m, p, 147° (from chloroform), Found: Cl 6,98, 7.18%, CgHgNsO,HgCl. 
Calculated: Cl 7.23%, 


1,1,1-Trinitro-2-phenyl-3-(chloromercuri)propane can be obtained in 61% yield by reacting equimolar amounts 
of trinitromethane, mercuric chloride and styrene in aqueous medium for 2 days, 


Reaction of mercury salt of trinitromethane with cyclopentene, To a solution of 5 g (0,01 mole) of the mer- 
cury salt of trinitromethane in 20 ml of water was added 1 ml (0,68 g; 0.01 mole) of freshly distilled cyclopentene, 
The reaction mixture was shaken on a shaker at room temperature, After several minutes the solution tumed cloudy, 
and after 2 hr a noticeable amount of two precipitates, a white crystalline product and a yellow oily substance, was 
formed, The reaction mixture was kept for three days with periodic shaking, The precipitates were separated and 
dried on porous plates, After two recrystallizations from carbon tetrachloride the white crystalline precipitate had 
m, p. 111-112° and is 1-trinitromethyl-2-(trinitromethylmercuri)cyclopentane; yield 0.9 g, Found; C 14,85, 14,96; 
H 1,40, 1.64; N 14,25, 14.41%. CyH,NgOyHg. Calculated: C 14,78; H 1,42; N 14,78%, The yellow oily precipitate 
was dissolved in methyl alcohol and then precipitated with water, Here we obtained 3,5 g of yellowish crystals, which 
after recrystallization from hexane had m, p. 89-90° (decompn,) and represent bis(trinitromethylcyclopentyl)mercury, 
Found: C 22.57, 21.73; H 2.56, 2.63; N 13.07, 13.19%. CyHyg0,O0y.Hg. Calculated: C 22.64; H 2,52; N 13.19%, 


1-Trinitromethyl-2-(trinitromethylmercuri)cyclopentane was converted to the corresponding bromide by treat- 
ment with bromine; m. p, 129,5° (from carbon tetrachloride); yield 80% of theory, Found; Br 15,95, 16.07%. 
CgHgNsOgHgBr. Calculated: Br 16,02%. 


Reaction of mercury salt of trinitromethane with cyclohexene, To a solution of 5 g (0.01 mole) of the mer- 
cury salt of trinitromethane in 20 ml of water was added 0,82 g (1 ml; 0,01 mole) of cyclohexene, The reaction 
mixture was shaken on the shaker for 6 hr, The thus obtained 1-trinitromethyl-2-(trinitromethylmercuri)cyclohexane 
was filtered, washed with water, air-dried, and recrystallized from carbon tetrachloride; m. p. 95°; yield 3.2 g (55% 
of theory), Found: C 16,47, 16,53; H 1.70, 1.81%. CgHypNgOyHg. Calculated: C 16,48; H 1.73%. 


The above compound was converted to the corresponding bromide by treatment with bromine in chloroform 


solution; m, p. 144° (from carbon tetrachloride); yield 75% of theory. Found: Br 15,34, 15.38%. CyHygNsOgHgBr. 
Calculated: Br 15.58%. 


The corresponding chloride, obtained by treating 1-trinitromethyl-2-(trinitromethylmercuri)cyclohexane with 
6 N hydrochloric acid, had m, p, 152° (from chloroform), Found: Cl 7,43, 7.47%. CyHygNsOgHgCl. Calculated: Cl 


1.59%. 
SUMMARY 


1, The reaction of the mercur; salt of trinitromethane with olefins represents a reaction where the elements 
of the salt add directly to the double bond, 


2, The obtained organomercury nitro compounds, containing a trinitromethyl group attached to the mercury 
atom, can exist in two tautomeric forms. 


3, Compounds of type RHgC(NO,)s, the same as the mercury salt of trinitromethane itself, add to the double 


bond with the formation of compounds having the structure RHg—-C —C —C(NO»)3, which are stable in the case of 


the symmetrical compound and undergo disproportionation in the case of the unsymmetrical molecule, 


LITERATURE CITED 


S. S. Novikov, T. I, Godovikova, and V. A, Tartakovskii, Doklady Akad, Nauk SSSR 124, No, 4, 834 (1959), 
S. S. Novikov, T. I, Godovikova, and V, A. Tartakovskii, Izvest. Akad, Nauk SSSR, Otdel, Khim. Nauk 1960, 


505. 

3. S.S. Novikov, T. I. Godovikova, and V. A, Tartakovskii, Izvest, Akad, Nauk SSSR, Otdel, Khim. Nauk 1960, 
669, 

4, S.S. Novikov, T. I, Godovikova, and V, A. Tartakovskii, Izvest. Akad, Nauk SSSR, Otdel, Khim. Nauk 1960, 
863, 

5. 


L. G, Makarova and A. N, Nesmeyanov, Synthetic Methods in the Field of Organometallic Compounds, No, 3, 
Mercury [in Russian] (Izd, AN SSSR, Moscow, 1945) p. 53, 
6. A, Hantzsch and K, Voigt, Ber, 45, 109 (1912), 


A. N. Nesmeyanov and E, J, Kahn, Ber, 62, 1018 (1929), 


All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
ations of the abbreviations as given in the original Russian journal. Some or all of this peri- 
odical literature may well be available in English translation. A complete list of the cover-to- 
cover English translations appears at the back of this issue. 


: 
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In recent years a detailed study has been made of the chemical transformations of polyhalo derivatives, con- 
taining both the trichloromethyl and chloromethyl group in one molecule, and rules for their chemical behavior have 
been formulated[1],. It was established that the trichloromethyl group is inert toward nucleophilic reagents, whereas 
it undergoes changes with reagents having an electrophilic or radical character, The chloromethyl group, on the other 
hand, enters into the reaction of nucleophilic substitution by chlorine, in which connection nearly all of the transfor- 
mations go with a high yield of the reaction products[1], The present paper is devoted to a study of the chemical 


transformations of the dichloromethyl group under conditions that are comparable with the reaction conditions for the 
above indicated groupings. 


Only isolated statements exist in the literature regarding the relative action of various reagents on dihaloalkanes, 
Mainly these reagents are alkaline in character, and their action is one of dehydrohalogenation, However, under cer- 
tain conditions, like heating to 300° with water in an autoclave [2] or with aqueous lead oxide [3], the dichloromethyl 
group is capable of being converted to the carbonyl group; it is possible for the three chlorine atoms in 1,1,2-trichloro- 
ethane to be replaced by phenylthio groups [4]. A more detailed and systematic study of the lower haloalkanes was 
made by Petrenko-Kritchenko and Orotzkii [5]; they studied the reaction rates of various halo compounds with differ - 
ent basic reagents like KOH, Ba(OH),, TIOH, C,HsONa, NH3, AgNOs, etc., and established that the dihaloalkanes, 
containing two halogen atoms on one carbon atom, are quite unreactive compounds, 


As the starting compounds, containing the dichloromethyl group, we selected 1,1-dichloroheptane, which is 
obtained quite easily by reacting enanthol with PCls, As the reagents of nucleophilic character we selected C2H;ONa, 
NHg, Nal and C,H,SNa, and established that under the studied conditions the dichloride reacts with the sodium thio- 
phenolate and sodium alcoholate, giving in the latter case mainly 1-chloro-1-heptene and a small amount of 1-hep- 
tyne as impurity, Long heating of the dichloride with anhydrous Nal in acetone (20 hr), or heating with NH, in alco- 
hol at 160-170° for 6-7 hr, gave negative results; in these experiments the dichloride was recovered unchanged, Re- 
action ot the dichloroheptane with sodium thiophenclate gave two substitution products — 1,1 -di(phenylthio)heptane 
and, probably 1-phenylthio-1-heptene, The structure of the 1,1-di(phenylthio)heptane was proved by counter syn- 
thesis from the ethyl acetal of enanthol and thiophenol [6]. The mixed melting point of the disulfones, obtained by 
the oxidation of the two disulfides, was not depressed, The structure of the other product, obtained in small yield, 
was not proved, The dichloromethyl group proved to be more inert toward the action of electrophilic reagents than 
the trichloromethyl group, Attempts were made to hydrolyze 1,1-dichloroheptane with concd, H2SQ,, oleum, and 
anhydrous nitric acid, However, neither reaction with oleum nor with sulfuric acid led to obtaining the aldehyde, 
Hydrolysis with nitric acid led to the isolation of an acid fraction in low yield, which, from its constants, corresponded 
to enanthic acid, Small amounts of anhydrous FeCl3, SbCl, or AlCl, had hardly any dehydrochlorination effect on 
1,1-dichloroheptane when heated to 80-100° (a small amount of tar is formed); the use of a large amount of AlCl, 
caused a brisk evolution of hydrogen chloride even in the cold, but an individual dehydrochlorination product could 
not be isolated, Replacement of the chlorine atoms by bromine could not be effected by treating 1,1-dichloroheptane 
with hydrogen bromide in the presence of AlCl; the starting product was recovered, 


The condensation of 1,1-dichloroheptane with benzene in the presence of AlCl, has been described in [7], but 
the author failed to determine the constants of the reaction products, A study of this reaction revealed that large 
amounts of AlCl, are not needed to make the reaction go; it also proved that depending on the condensation condi- 
tions used, and mainly on the temperature, it is possible to obtain either the mono- or the diphenylheptane as the 
principal product, Raising the temperature increases the yield of 1,1-diphenylheptane, The structure of the 1,1- 
diphenylheptane was proved by its oxidation to benzophenone, The formation of phenylheptane in this reaction is 


= 


not expected, since anomalous hydrogenation— dehydrogenation reactions under the influence of AlCl, are frequently 
observed in the alkylation of the aromatic ring [8]. From the literature it is known that heptene {is formed when 1,1- 
dichloroheptane is reacted with sodium in the absence o1 a solvent [9] or in cumene [10], However, we found that 
this reaction with sodium is more complex and that 1-heptyne is also formed here, which was identified by preparing 
silver acetylide using the method described by Hill [11]. 1,1-Dichloroheptene is not hydrogenated under the condi- 


tions where the trichloromethy] group Is easily reduced, i.e,, at room temperature, a hydrogen pressure of 100-150 
atm, in the presence of pyridine, and using skeletal nickel catalyst. 


EXPERIMENTAL 


Reaction of sodium ethylate with 1,1-dichloroheptane, To the sodium ethylate, prepared from 11 g of Na in 
130 ml of absolute alcohol, was added, with stirring, 34 g of 1,1-dichloroheptane, and the reaction mixture was re- 
fluxed for 10 hr, The reaction mixture was then diluted with water, and the oil was extracted with ether, The ether 
extract was dried over Na,SOQ,. The ether and traces of alcohol and acetylenic hydrocarbon were removed by dis- 
tillation through a long column, The residue was vacuum-distilled, We obtained 16,2 g (60% of theory) of 1-chloro- 
1-heptene, which after redistillation had the constants: b. p, 82,5-83,5 (82 mm); °D 1.4380; d?°, 0.8948; found MR 
38,89; calculated MR 38,92, Literature data [12]: b, p. 60-62° (61 mm); °D 1,4333, The fraction, containing the 
acetylenic hydrocarbon, was brominated, The liquid bromination product was vacuum-distilled: b, p, 102-112° (26 
mm); °D 1,5080; d?°, 1.5310; weight 4.0 g; found MR 49,84, CzHpBr2. Calculated MR 49,59, 


Chlorination of 1-chloro-1-heptene, Chlorine was passed into a solution of 8,1 g of the chloroheptene in 50 ml 
of CCly, containing 0.2 g of anhydrous FeCl, and then the solution was poured into water, washed with alkali, dried, 
and distilled, We obtained 7,5 g of a fraction with b, p, 68-71° (3 mm), which after redistillation gave 6.0 g of 1,1,2- 
trichloroheptane (50% of theory) with b, p. 74° (4 mm); °D 1.4690; d?°, 1.1560; found MR 49.03; calculated MR 49,13, 
Found; C 40,87, 41.04; H 5.97, 6.14%. CyHygClx. Calculated: C 41,30; H 6.44%. 


Reaction ot sodium thiophenolate with 1,1-dichloroheptane, To the sodium thiophenolate, obtained from 36 g 
of thiophenol and 7,5 g of metallic sodium in 150 ml of absolute alcohol, was added 20.5 g of the dichloride, and 
the reaction mixture was heated under reflux for 20 hr, after which it was diluted with water, and the obtained oil 
was extracted with chloroform, The chloroform was removed by distillation and the residue was vacuum -distilled, 
We obtained; fraction I, 63-80° (8 mm); 1.1 g; °D 1.4870; fraction II, 129-165° (2 mm); 3.6 g nD 1.5540; frac- 
tion III, 170-195° (2 mm); 24.9 g; n°°D 1.5898, Redistillation of fraction II gave 1.3 g (5% of theory) of phenyl- 
thioheptene with b, p, 117-118° (2 mm); W°D 1,5491; d?, 0,9862; found MR 66,56; calculated MR 66,72, Found: 

C 74,08, 73,91; H 8,62, 8.61; S 15,35, 15.48%. CygHygS. Calculated: C 75,68; H 8.79; S 15.53%, Oxidation of the 
monosulfide with hydrogen peroxide in acetic acid gave a liquid sulfone with b, p, 159° (1 mm); n°°D 1.5298; d?°, 
1.1030; found MR 66,73; calculated MR 67,04, Found: C 65,07, 65,14; H 7,68, 7.67; S 13,36, 13.32%. CygHg02S. 
Calculated: C 65,51; H 7,61; S 13.45%, Reaction of the monosulfide with 2,4-dinitrophenylhydrazine gave the hydra- 
zone, m, p. 181-182° (from acetic acid), Found: C 46,31, 46,05; H 3.76, 3.94; N 22,31, 22.52%. CygHggNgO,. Cal- 
culated: C 46,74; H 4,12; N 22,94%, Redistillation of fraction III gave 19,4 g (50.5% of theory) of 1,1-di(phenyl- 
thio)heptane with b, p. 186-190° (2 mm); n°°D 1.5869; d?°, 1.0664; found MR 99.72; calculated MR 99.86, Found: 

C 72,33, 72,26; H 7,56, 7.54; S 20,39, 20.15%. CygHo4S2. Calculated: C 72,09; H 7.64; S 20.26%. Oxidation of 
the disulfide with hydrogen peroxide in acetic acid solution gave the disulfone; m. p. 92° (from alcohol), Found: C 
60,19, 60,21; H 6,35, 6,36; S 17,25, 17.03%, CygH2404S2. Calculated: C 59.97; H 6.36; S 16.85%. The 1,1-di- 
Ghegeeeeemgenm, obtained from 10 g of enanthol ethyl acetal and thiophenol, had the constants: m°D 1.5870; 


a? 4 1.0605, and on oxidation with HO, gave the disulfone with m, p, 92-93°, The mixed melting point of the two 
sulfones was not depressed, 


Action of anhydrous nitric acid on 1,1-dichloroheptane, A mixture of 19,5 g of the dichloride, purified by 
previous heating with concd, HNO, for 2,5 hr at 75-80°, and 25 ml of HNO; (d 1,52) was heated for 3 hr at 70-75°, 
Fractional distillation of the neutral fraction gave 14.5 g of recovered dichloride with n’°D 1.4445, From the acid 
fraction we isolated 0,6 g of enanthic acid with b. p. 86-90° (3 mm); m°D 1.4270, and 0.6 g of a product with b. p. 


90-120° (3 mm) and rD 1,4375, which gave a positive test for chlorine (probably, chlorinated enanthic acid), Litera- 
ture data for enanthic acid [13]; b. p. 86° (2 mm); 1.4250, 


Condensation of 1,1-dichloroheptane with benzene, Thirty-four grams of the dichloride was added in drops to 
a suspension of 4 g of AlCl, in 200 ml of dry benzene, After all of the dichloride had been added the reaction mix- 
ture was heated to 50°, where a vigorous evolution of HCl began; at the end the reaction mixture was heated for 2hr, 


After the usual workup and distillation in vacuo we obtained: fraction I, 85-90° (2 mm); 5,9 g; °D 1.5010; fraction 
II, 104-144° (2 mm); 4.1 g; °D 1.5190; fraction III, 145-150° (2 mm); 17.9 g; WD 1.5440; residue 8,5 g. Fraction 
Ill was 1,1-diphenylheptane ( yield 35% of theory) and after redistillation had the constants: b, p, 145-146° (2 mm); 
rp 1.5409; q™, 0.9533; found MR 83,18; calculated MR 82,74, Found: C 90.48, 90.41; H 9.43, 9.56%, CyoHy,. 
Calculated: C 90,41; H 9.59%. Literature data [14]; b. p, 132-134° (1 mm); 1.5466, 


The structure of the 1,1-diphenylheptane was proved by its oxidation with chromic anhydride to benzophenone, 
The mixed melting point of the 2,4-dinitrophenylhydrazone of the benzophenone, obtained from the oxidation, and 
the authentic material was not depressed, From fraction I we isolated phenylheptane with b, p. 107° (10 mm); m°D 
1.4940; 0.8756; found MR 58,61; calculated MR 58,63, Found: C 89,03, 89.03; H 11.31, 11.21%. Cal- 
culated: C 88.56; H11.44%, Literature data for 1-phenylheptane: b, p, 99-100° (6 mm); 1,4870; 0.8565 
[15]. If the dichloride is condensed with benzene in the cold the yield of phenylheptane is increased to 32%. 


SUMMARY 


1, The action of nucleophilic and electrophilic reagents on the dichloromethyl group was studied on the ex- 
ample of 1,1-dichloroheptane, 


2, The dichloromethyl group is more inert toward the action of nucleophilic reagents than the chloromethyl 


group; only under the action of such strong nucleophiles as sodium thiophenolate could both of the chlorine atoms 
be replaced, 


3. The dichloromethy! group, in contrast to the trichloromethyl group, is inert toward the action of such elec- 


trophilic reagents as concd, sulfuric and anhydrous nitric acids, However, compounds containing the dichloromethyl 
group are capable of condensing with benzene in the presence of aluminum chloride, 
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In an earlier paper [1] the use of tetrafluoroethane-8-sultone as a promoter for esterification of acetic acid 
with various alcohols was described, It could be anticipated that the promoting effect of fluorine containing 6 -sul- 


tones should apply also to the acylation of alcohols, mercaptans, and any other nucleophilic reagent with various 
carboxylic acids, 


We studied the acylating effect of mixtures of tetrafluoroethane-6 -sultone and a series of aliphatic and aro- 
matic acids, both monobasic and dibasic, It appeared that the ester was obtained in almost quantitative yield in all 
cases in which unsubstituted acids were used for the acylation of ethanol (Table 1), The ratio of sultone to acid in 


the acylation mixture was determined solely by the basicity of the latter; the ratio was 1: 1 (molar) for monobasic 
and 1; 0,5 for dibasic acids, 


Completely different results were obtained with acylations carried out with mixtures of tetrafluoroethane- 


8-sultone with different chloro- and fluoro-substituted acids, In all cases esters of the corresponding halogenoacetic 
acid and also of fluorosulfonyldifluoroacetic acid were separated (Table 2). 


TABLE 1 According to the data in Table 2 the overall yield 


and ratio of the acylation products are dependent on the 
Temperature of 
acylation, °C 


Acid ester Yield, % strength of the acids used in acylation, This observation 


confirms the earlier postulate [1] of the formation of a mixed 
anhydride in the mixture of sultone and carboxylic acid, This 
fact indicates that the ability of a mixed anhydride to disso- 
ciate into a carboxylate anion and an acyl cation depends on 
the difference in acid strengths of the acids taking part in its 
formation, Finally the relative proportions of each of the 
possible directions of dissociation of the mixed anhydride is 
determined by the relative strengths of the acids, For ex- 
ample in the case of the mixed anhydride of fluorosulfonyl- 
difluoroacetic and trifluoroacetic acids (which are similar in 
acid strength) both possible directions of dissociation occur 

to the same extent in practice. 


Ethyl propionate 
Ethyl isobutyrate 
Diethyl oxalate 
Diethyl malonate 
Diethyl succinate 
Ethyl benzoate 
Ethyl p-toluate 
Diethyl phthalate 


SO,—CF,—CF, + CF,-COOH + HF 
F —SO,—CF,— CO— O— CO—CF, 


In connection with the observations cited it is appropriate to recall that attempted acylation of alcohols with 
a solution of monochloroacetic acid in trifluoroacetic anhydride was without result [2], The acylating power of a 


mixture of tetrafluoroethane-6 -sultone and a carboxylic acid can also be demonstrated in the preparation of thio- 
esters (Table 3), 


F—SO,— CP,—COO™ + CF,;—Co* 


F—SO,—CF;-CO* + CF;,-COO~ 


0 98 
0 96 
10 85 
20 18 
20 712 
20 712 
20 70 
20 67 
972 


Other 6 ,6-fluorocontaining 6 -sultones can be used as acylation promoters, Thus the reaction mixtures formed 


from a mixture of a carboxylic acid with o -hydrotrifluoroethane- or perfluoroisopropane -6 -sultone are effective 
acylating reagents (Table 4), 


TABLE 2 


R-CO—OCH, | FSO,—CF,—CO—OCH, | overall 
70 


Chloroacetic 


22 92 
Fluoroacetic 59 31 90 
Difluoroacetic 35 84 


Trifluoroacetic 35 71 


TABLE 3 


Acylation tem- 
perature, °C 


Acid thioester 


Ethyl thioacetate 
n-Propyl thioacetate 
n-Butyl thioacetate 

8 -Chloroethyl thioacetate 
Ethyl thiobenzoate 


TABLE 4 


Sultone 


& -Hydrotrifluoroethane- 6 -sultone | Ethyl acetate 


8-Chloroethyl acetate 
Phenyl acetate 

Ethyl propionate 

Ethyl benzoate 

Ethyl thioacetate 
Ethyl acetate 

Ethyl benzoate 

Ethyl acetate 

Ethyl benzoate 


-Chlorotrifluoroethane-8 -sultone 


Perfluoroisopropane- 6 -sultone 


Thus the promoting effect of fluorine containing 6 -sultones relative to acylation is comparatively widespread 
and should be displayed when 8-sultones are used as an acylating medium with weak heteroorganic and mineral acids, 


EXPERIMENTAL 


Acylation of alcohols and mercaptans, To 0,1 M fluorine containing 6 -sultone in a teflon reactor, 0,1 M of 
the corresponding monobasic or 0,05 M of dibasic acid was added in small portions with stirring and ice-cooling,. 
Then at a temperature of from 0-20° (see Tables 1 and 3) 0,1 M absolute alcohol or mercaptan was added, The re- 

action mixture was poured into a cooled solution of 10 g potassium fluoride in 30 ml water, The oily layer was sepa- 


rated, dried over magnesium sulfate, and fractionated, 
SUMMARY 


1, Fluorine containing 6-sultones are promoters of the acylation of alcohols and mercaptans by weak carboxy- 
lic acids, 


2, The acylating properties of mixtures of tetrafluoroethane-6 -sultone with halogen substituted carboxylic 
acids have been studied, 


3,18 
1,91 
1.40 
1,03 
Yield, % 
20 80 
20 83 
20 88 
10 85 
30 
99 
15 
97 
98 
15 
973 
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It was earlier reported that fluorine containing 6 -sultones reacted energetically with compounds containing 
active hydrogen atoms and in particular on reaction with alcohols,esters of substituted 6 -fluorosulfonylcarboxylic 
acids were obtained, In the present communication the reaction of fluorine containing 6 -sultones with mercaptans 
is described, This reaction was investigated for the interactions of tetrafluoroethane-6-sultone, o -hydrotrifluoro- 
ethane- 8-sultone, and « - chlorotrifluoroethane-6 -sultone with n-propyl, n-butyl and 6-chloroethyl mercaptans, 

In all cases the reaction was carried out by gradual additionof one reactant to the other; it was accompanied by con- 
siderable self-heating of the reaction mixture and evolution of hydrogen fluoride, It is interesting to note that the 
character of the reaction is connected with the structure of the original B-sultone, Thus in the case of tetrafluoro- 
ethane-6 -sultone the reaction proceeds so vigorously that tar formation may occur in the reaction mixture; to pre- 
vent tar formation it is necessary to use considerable cooling, With a -hydrotrifluoroethane- 6 -sultone the reaction 


goes with less evolution of heat, but with « -chlorotrifluoroethane- 6 -sultone it is necessary to heat the reaction mix- 
ture (to 20-30°) to initiate reaction, 


In all cases the products of the reaction between fluorine containing 8-sultones and mercaptans are the corres- 
ponding thioesters of substituted fluorosulfonylacetic acids 
SO,—CFX—CF,; + R-S—-H + HF 
Oo 
where X=F, H, Cl 


The yield of the thioester depends on the order of mixing of the reagents, Thus when the mercaptan was added 
to the B-sultone the yield of thioester did not exceed 35-42%, With reversed order of mixing of the reagents the 
yield of thioester reached 70-80%, This observation can be explained by the fact that in the first case there is an 
excess of 8-sultone during the mixing process, and the 6 -sultone possesses a high oxidation potential because of the 
sulfur trioxide group, and is capable of oxidizing the sulfhydryl] group of the mercaptan, When an excess of mercap- 
tan is present during the mixing, the oxidation reaction does not prevail and the thioester is formed in high yield, 

The thioesters of substituted fluorosulfonylacetic acids formed are stable colorless liquids with a specific sulfide smell; 
they dissolve well in organic solvents but to a very limited extent in water, The thioesters undergo noticeable hydro- 
lysis only after standing for many hours in dilute aqueous solution, The thioesters are hydrolyzed practically instan- 
taneously by aqueous alkali and the dibasic salts of substituted sulfonylacetic acids are formed quantitatively and the 


mercaptans separate, 
—SO,—CFX. -CO—SR + 3NaOH + NaO—SO,—CFX—CO—ONa -}- RSH + NaF 11.0 


EX PERIMENTAL 


Butyl fluorosulfonyldifluorothioacetate, 9,0 g tetrafluoroethane-6 -sultone was added slowly to 4.5 g n-butyl 
mercaptan with shaking and cooling in iced water, The mixture was observed to get warm and hydrogen fluoride 
was evolved, The solution became brick red, At the end of the addition the mixture was poured onto 20 g ice; the 
lower layer was separated, washed with 10 ml iced water, and dried over calcined magnesium sulfate, By subsequent 
fractionation 10,3 g n-butyl fluorosulfonyldifluorothioacetate was separated; b. p, 68° (5 mm); 1.3171; 
1.4100; yield 82%, Found: C 28,18; H 3,51; F 22,44; S 25.90%; acid equivalent 2,95, fodine equivalent 0.99, 
CgHgO3F3S2. Calculated: C 28,40; H 3,60; F 22,80; S 25.60%; acid equivalent 3.00; fodine equivalent 1.00, 


With reversed order of mixing of the reagents n-butyl fluorosulfonyldifluorothioacetate was obtained in 35% 


yield, 


8 -Chloroethy! fluorosulfonyldifluorothioacetate, In similar conditions 6 -chloroethyl fluorosulfonyldifluoro- 
thioacetate was obtained from 8-chloroethylmercaptan and tetrafluoroethane-6 -sultone in 78% yield, b, p. 81° 
(7 mm); d?°, 15763; 1,4380,* Found: F 22.70; Cl 14,03; 25.18%. Calculated: F 22,42; Cl 
13,83; S 24.96%, 


n-Propyl fluorosulfonylfluorothioacetate, In similar conditions n-propyl fluorosulfonyldifluorothioacetate was 
obtained in 76% yield from n-propyl mercaptan and o -hydrotrifluoroethane- 8 -sultone, b, p, 114-115° (20 mm); 
d?°, 1.3456; 1.4355, Found: F 18,02; C 27.92; H 3.52%; acid equivalent 2.96; iodine equivalent 0,98, 
Calculated; F 17.64; C 27.50; H 3.67%; acid equivalent 3.00; fodine equivalent 1.00, 


n-Butyl fluorosul fonylfluorothioacetate, In similar conditions n-butyl fluorosulfonylfluorothioacetate was ob- 
tained in 72% yield from n-butyl mercaptan and a -hydrotrifluoroethane- 6 -sultone, b. p, 127-128° (20 mm); 4”, 
1,2895; °D 1.4355, Found: F 16.68%; acid equivalent 3,02; iodine equivalent 1.03, CgHyO3F2S2. Calculated: F 
16.38%; acid equivalent 3,00; iodine equivalent 1,00, 


8 -Chloroethy! fluorosulfonylfluorothioacetate was obtained under similar conditions (69% yield)from B -chloro- 
ethyl mercaptan and « -hydrotrifluoroethane- B-sultone, b. p. 117° (8 mm); a™, 1.5425; n°°D 1.4600, Found: F 
16,30; Cl 14,61; S 26.59%, Calculated: F 15,92; Cl 14.87; S 26.86%. 


n-Butyl fluorosulfonylfluorochlorothioacetate, By the method described above n-butyl fluorosulfonylfluoro- 
chlorothioacetate was obtained in 80% yield at room temperature from n-butyl mercaptan and & -chlorotrifluoro- 
ethane-8 -sultone, b, p, 80° (5 mm); 1.2757; 1.4220, Found: C 26,84; H 3,60; F 14,65; C1 13.11%, 
Calculated: C 27,04; H 3,57; F 14,25; Cl 13.32%, 


8 -Chloroethyl fluorosulfonylfluorochlorothioacetate was obtained in 75% yield under similar conditions from 
8 -chloroethyl mercaptan and &-chlorotrifluoroethane- 6 -sultone, b, p. 86°(4 mm); d?°, 1.4557; 1.4560, Found: 


F 14,30; Cl 25.74%. CygHyO3F2Cl,S_. Calculated: F 13,92; Cl 26.00%, 
SUMMARY 


The reaction between fluorine containing 6 -sultones and mercaptans has been studied and a series of thioesters 
of substituted fluorosulfonylacetic acids has been obtained, 
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* The physical constants of this thioester recorded in a preceeding communication [1] are inexact because of an error 
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8-Trifluoromethylcrotonic acid (I) was first obtained in 1955 by dehydration of 6 -trifluoromethyl-8 -hydroxy- 
butyric acid with phosphorus pentoxide, Investigations showed that this acid was easily prepared by dissolving 6 -tri- 


fluorome thyl-8 -methyl-8-propiolactone, its polymer, or 8 -trifluoromethyl-8 -hydroxybutyric acid in anhydrous (but 
not 96%) sulphuric acid: 


\ 
C—Cth—C00 
CH, (1) 


n 


C—CH,—COOH 


The peculiar specificity of 100% sulfuric acid relative to 8-hydroxy acids containing trifluoromethyl groups 
in the 6-position was discussed earlier [2], Methyl 8 -trifluoromethylcrotonate (II) can be obtained by dehydration 
of the corresponding ester of the 8-hydroxy acid with thionyl chloride; 


CF; CF 
~ 


3 


(Il) 


As was found earlier thionyl chloride also easily dehydrates 8 ,6 -bistrifluoromethyl -6 -hydroxypropionic acid 
and its ester to give the acid chloride and ester respectively of the unsaturated acid [3], 


CFs CF 
CFs CF,” 


Y--OC,Hs, Cl 


At the same time dehydration with phosphorus pentoxide of a 8-hydroxy acid containing fluorine gives the 
corresponding 6-lactone [2, 4}, whereas the esters of these acids are not dehydrated at all by phosphorus pentoxide [5] 


CF CF 
c—cu,—coon 22 ~ \c—cn, 
| | | 


OH O—CO 


| 
CH; 
CF 
H— COOH 
OH i 
= 
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CF PO, 
*\c—CH,—COOR’ did not react 
RZ | 


OH 
R =CF;, CH; 


Such differences in dehydrating power of phosphorus pentoxide and thionyl chloride may be explained by weak- 
ening of the link between the tertiary carbon and the hydroxy group in the intermediate reaction product formed by 


reaction with thionyl chloride consequent upon the possibility of elimination of a chloride atom with a pair of elec- 
trons: 


H 
CF 
£oH—coor’ 
of 


CF 
+ HCl + SO,. 


The effect of nucleophiles on 8 -trifluoromethylcrotonic acid and its ester was studied for the addition of meth- 
anol, ammonia, ethanolamine and water, Methanol in the presence of sodium methoxide added to methyl 8 -tri- 
fluoromethylcrotonate to give methyl 8 -methoxy-6 -trifluoromethylbutyrate (III). 


CH,ONa CF, 
C CHs 


Hs 
CHs, 
(ITT) 


The structure of the product obtained was demonstrated by synthesizing it by methylation of 8 -trifluoromethyl- 
8 -hydroxybutyric acid using Purdie and Irvin's method [6]. 


CF 
"CCH; 
CH;” | 


OH 


CF, 
CHY | 
Tig 


Ammonia and ethanolamine reacted with the unsaturated ester II to give esters of the corresponding amino- 
acids (IV) and (V). 


NHg (IV) 
CH,” 
NH, 
C =CH—COOCHs+ 


CFx 
H.N--CH,—CH,—-GH H D&—CHs—COOCH, (V) 


H—CH,—CH,—OH 


Methyl 6 -trifluoromethyl-8 -amino butyrate (IV), on treatment with nitrous acid and subsequent alkaline hy- 
drolysis gave the known 8 -trifluoromethyl-6 -hydroxybutyric acid. 


HNO, CFs; 
CH, 


OH 


NH, 


CF 
CHs 


*\c—CH,—COOH 


“a 
OH 


| 
— 


The structure of methyl 6 -trifluoromethyl-8 -(N-8 -hydroxethyl)-aminobutyrate was demonstrated by an oppos- 
ing synthesis from the amino ester (IV) and ethylene oxide, 


CF; 
C—CH,—COOCH;-}+CH,—CH; > SC—CH,—COOCH; 
CH,” | \/ 

NH, O NH—CH,—CH,—OH 


CF, 


Water does not add to 8-trifluoromethylcrotonic acid on heating to 150° in the presence of strong bases or min- 
eral acids, nor in pyridine solution in the presence of piperidine, However hydration of 8 -trifluoromethylcrotonic 
acid was postulated as one stage in the mechanism of the reaction of trifluoroacetone with malonic acid [1]. 


Ct COOH ridine Chan COOH 

coo ~Piperidine | cu, co£o6 
Sc=cH—CcooH + Co, + >C—CH—COOH + CO; ete. 
CH,~ | 

OH 

Evidently this mechanism needs reexamination, 


EX PERIMENTAL 


8-Trifluoromethylcrotonic acid, A mixture of 1,06 g 6-trifluoromethyl-8 -methyl-8-propiolactone and 1 ml 
100% sulphuric acid was left standing for 1 hr, then diluted with water. The acid (I) was steam distilled - it crystal- 
lized in the receiver. After drying 0.97 g (91%) of crystals were obtained with m.p. 29.5-31", b.p. ~182°. Literature 
data [1] b.p. 80-84°*. Found: C 38.67; H 3.25; F 37.18%, CsFsH;O,. Calculated: C 38.98; H 3.25; F 37.00%, 


A mixture of 1,25 g 6 -trifluoromethyl- 6 -hydroxybutyric acid and 5 ml (1%) oleum was kept for 12 hr, and then 
worked up as in the previous experiment. 0,98 g (87%) of acid (I) was obtained, 


By similar treatment of 4,2 g of the polymer obtained from 86 -trifluoromethyl-8 -methyl-propiolactone the 
acid I was obtained in 70% yield, 


Methyl 8 -trifluoromethylcrotonate, The ester (II) was obtained in 75% yield on esterifying the acid (I) with 
methanol in the presence of sulphuric acid; b, p, 112,5-113,5° (753 mm); nD 1.3718; a™, 1.2074; found MR 31.61; 
calculated MR 31,52, Found: C 42,72; H 4,17; F 33.68%. C.F3H7O,. Calculated; C 42,84; H 4,16; F 33.92%, 


A mixture of 9,43 g (0,051 M) methyl 6 -trifluoromethyl-6 -hydroxybutyrate, 6.50 g (0.055 M) thionyl chloride, 
and 1 ml dry pyridine were refluxed for 8 hr, and then fractionally distilled through a 400 mm column; in this way 
6.0 g (71%) of the ester (II) was obtained b, p, 112.5-113° (751 mm); #°D 1,3720, 


Methyl] 6 -trifluoromethyl-8 -methoxybutyrate, 16.8 g (0.1 M) of (II) and sodium methoxide (obtained from 
1 g sodium and 50 ml methanol) were heated in a sealed ampoule for 16 hr at 100°, When the heating was com- 
pleted the solution was diluted with water, acidified, the oil separated, taken up into ether and dried over calcium 
chloride, After removal of the solvent the residue was fractionated through a 400 mm column, Fractions were col- 
lected; I— b, p, 110-114", initial ester, 1.57 g; II— b. p. 59,5-60,5° (22 mm), 7.85 g; Il — residue ~ 2.5 g, 


Fraction II was the pure product (III); b. p. 159° (744 mm); yield 45%, based on ester (II) consumed in the re- 
action; n°°D 1.3766; d?0, 1,230; found MR 37,36; calculated MR 38,25, Found: C 42,36; H 5,43; F 28.45%. CqFgHyO3. 
Calculated: C 42,00; H 5,54; F 28.50%, 


A mixture of 12,66 g (0.068 M) methyl 8 -trifluoromethyl-8 -hydroxybutyric acid, 23,2 g (0.1 M) dry silver 
oxide, and 40 mi methyl iodide was boiled in a flask under reflux for 10 hr, At the end of the reaction the precipitate 
was sucked out and washed with ether, The ether washings and the solution were combined, dried and distilled after 
removal of the solvent, 11,54 g of a colorless liquid with b, p. 158-164° (749 mm) was obtained which appeared to 
be a mixture of the initial hydroxyester and the methoxyester (III), Further separation of the products was carried 
out by treating the mixture in the cold with 30% alkali, The oil which did not dissolve in the alkali was separated, 


* It is possible that a misprint occurred in the constant cited, 
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taken up in ether and distilled after drying and removing the solvent, 1.8 g (III) (57% based on hydroxyester con- 
sumed in the reaction) was obtained with b, p, 158,5-160,5° (749 mm); °D 1.3769, The product obtained was identi- 
cal in its properties with that obtained in the first experiment. Thus it did not dissolve in 30% alkali in the cold and 
it did not react with sodium in ether with the evolution of hydrogen, which distinguished it from methyl 6 -trifluoro- 
methyl-8 -hydroxybutyrate which has similar constants [7]. 


Methyl 6 -trifluoromethyl-8-aminobutyrate, A mixture of 7.5 g of the ester (II) and a fivefold excess of dry 
ammonia were kept in a sealed ampoule for 48 hr at room temperature. The excess ammonia was evaporated and 
the residue distilled in vacuum to give 7.3 g (89%) of the aminoester (IV), b. p. 93.5 (73 mm); WD 1.3842; a 
1.2501; found MR 34,61; calculated MR 35,40, Found: C 38,99; H 5.45; F 30.26; N 8.02%. CgFsHygO2,N. Calculated: 
C 38,92; H 5,42; F 30,82; N 7.56%, The hydrochloride was soluble in water, m, p, 128-129,5° (from ethyl acetate), 


The aminoester (IV) (1.35 g) was treated in the cold with a solution of sodium nitrite in the presence of sul- 
phuric acid until an excess of free nitrous acid remained, The precipitated oil was washed with water and heated 
with 20% alkali on a water bath for 1 hr until it dissolved completely, The solution was acidified and extracted 
with ether, The ether extracts were combined, dried, and after removal of the solvent, the residue was recrystallized 


from n-heptane to give 0.56 g (45%) 6-trifluoroethyl-8 -hydroxybutyric acid, The melting points of the samples 
and of a mixed melt were 39,5-41°, 


Methyl 68 -trifluoromethyl-6 -(N-8 -hydroxyethyl) aminobutyrate, 7,23 g (0.043 M) of the ester (II) and 2,64 g 


(0,043 M) ethanolamine were heated at 80° for 5 hr in a sealed ampoule, On another day the reaction mixture was 
distilled in vacuum, 


The ester (V) was obtained in 40% yield (3.91 g); b, p, 138,.5-141° (18 mm); 1.4165; 1.2649; found 
MR 45,47; calculated MR 46,35; the hydrochloride has m, p, 101-103° (reprecipitated with absolute ether from ab- 


solute ethanol), Found: C 36,06; H 5,62; F 20.47; N 5.33%. CgFsHjgQ,NCl. Calculated: C 36,15; H 5,65; F 21,46; 
N 5.27%. 


A fraction (3.15g) with b, p, 160-163° (7 mm), °D 1,4400 was also obtained, It did not dissolve in dilute 
hydrochloric acid, This fraction was not studied further, 


A mixture of 4,6 g (0,025 M) of the ester (IV), 1.25 g (0.028 M) ethylene oxide, and 25 ml 50% acetic acid 
was kept at room temperature for 12 hr; the solution was then neutralized with dry soda, the ofl separated, taken up 
in ether and dried over magnesium sulfate, After evaporation of the ether and distillation in vacuum, 2,27 g of the 
initial aminoester (IV) was obtained [b, p, 65-66° (72 mm); m°D 1.3873 (hydrochloride gave no depression of the 
melting point with an authentic sample)] together with 1.47 g of the ester V; °D 1.4152 (hydrochloride gave no 


depression of the melting point with a sample from the first experiment), The yield was 51%, calculated on the 
aminoester (IV) consumed in the reaction, 


Discussion of Experimental Results 


In previous papers of this series it was shown that water, hydrogen bromide, ammonia, and other substances 
added to 8 ,6 -bistrifluoromethylacrylic acid and its esters in the «-position to the carboxyl group [3, 8, 9]: 


CF, 
-CH—COOR -}- HX SCH—CHX--CCOR 


X -OH, NH,, Br etc. 


Such a direction of addition has not been observed previously in other a, 8-saturated acids, This may be ex- 


plained either by the electronic effect of the trifluoromethyl group or by steric hindrance to addition of the groups 
in the 6 -position, 


To estimate the relative importance of these two factors it was of interest to study additions to 6 -trifluoro- 
methylcrotonic acid in which steric hindrance at the 8-carbon atom ought to be about the same as in 8 ,6 -bistri- 
fluoromethylacrylic acid because of the small difference in volume of the trifluoromethyl and methyl groups. 


At the same time the polarization of the double bond in this acid ought to be the same as in y ,y ,y -trifluoro- 
crotonic acid in which the effect of the trifluoromethyl group is not weakened by the neighboring methyl which 
nevertheless appears insufficient to draw away the ™ -electrons from the a-carbon atom [10): 


+ CH=CH— COOH CF, —C=CH — COOH 


t 


With this polarization the presence of steric hindrance should lead to considerable hindrance or complete im- 
possibility of addition to 6 -trifluoromethylcrontonic acid, 


As our investigations have shown, additions of nucleophilic reagents to 8 -trifluoromethylcrotonic acid proceed 
in mild conditions and in accordance with the anticipated polarization of the double bond, Hence it can be con- 


cluded that in the case of 6,8 -trifluoromethylacrylic steric hindrance plays a subordinate part in determining the 
direction of addition, 


SUMMARY 


1, 8-Trifluoromethylcrotonic acid was obtained by the action of anhydrous sulfuric acid on 6 -trifluoromethyl- 
8 -methylpropiolactone or 8 -trifluoromethyl-6 -hydroxybutyric acid, 


2, Thionyl chloride in distinction from phosphorus pentoxide easily dehydrates methyl 6 -trifluoromethyl-6 - 
hydroxybutyrate, 


3, After studying the direction of addition of methanol,ammonia, and ethanolamine to esters of 6 -trifluoro- 
methylcrotonic acid it was concluded that the deciding role in the addition of nucleophilic reagents was played by 
polarization of the double bond, not steric hindrance, 
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The shortest route for the synthesis of styrenes fluorinated in the side chain is condensation of fluoroolefins 
with organolithium, -magnesium, and— sodium compounds, These reactions go at a temperature of about —75° in 


ether medium, With phenyllithium and trifluorochloroethylene, o, 6 -difluoro-6 -chlorostyrene [1] was obtained 
in 91% yield 


+ CF, = CFC] + = + LiF 


When phenylcalcium iodide was used, the yield was 38%, with phenylmagnesium bromide it was 16.6% [2], 
and for triphenylmethylsodium with trifluorochloroethylene under the same conditions the yield of 1,2-difluoro-1- 
chloro-2-triphenylmethylethylene was 94% [1]. When 1,1,-difluoro-2,2-dichloroethylene and phenyllithium were 
used, & -fluoro-8 ,6 -dichlorostyrene CgHsCF = CCl, was obtained in 50% yield[3], Under these conditions fluorin- 
ated vinylidene and 1,2-dichloro-1,2-difluoroethylene did not react with phenyllithium or form complex mix- 
tures of reaction products [3], We were interested in the synthesis of «, 8 ,8-trifluorostyrenes, i.e., in the possibility 


of preparing these compounds by the condensation of tetrafluoroethylene with organometallic compounds of the aro- 
matic series 


RLi + CF, = CF, - RCF = CF, + LiF. 


In the literature the preparation of « ,8 ,8-trifluorostyrene in 30% yield by the slow addition of an ether solu- 
tion of phenyllithium to an excess of tetrafluoroethylene at —80° is indicated, The method is not described [3]. It 
is indicated that with an excess of phenyllithium the formation of difluorostilbene CgH;CF = CFC,H, takes place, 


and that with an increase in the reactim temperature to 25° triphenylfluoroethylene is produced [3]. It was not pos- 
sible to replace the last atom of fluorine on the phenyl group [1]. 


We found that when the reaction was carried out under conditions where a solution of phenyllithium was added 
to the tetrafluoroethylene at —75°, the yield of «, 8,8 -trifluorostyrene amounted to 25-15%; lowering the reaction 
temperature to —120° did not increase the yield of the styrene, It was possible to obtain «, 6,6 -trifluorostyrene in 
30-40% yield by reversing the order of addition of the components, i.e., by rapidly passing an excess of pure tetra- 
fluoroethylene into a dilute ether solution of phenyllithium in 1-2 hr, Use of concentrated solutions of phenyllithium 
or increasing the time of passing the tetrafluoroethylene lowered the yield to 15-20%, Condensation of tetrafluoro- 
ethylene with organolithium compounds at low temperature proved to be a general method for the preparation of 
new «,8,8-trifluorostyrenes and perfiuorovinyl compounds, The yield in this condensation, depending on the radical 


of the RLi, usually amounted to 40-55%, more rarely 15-30%, The corresponding difluorostilbene was produced as 
a by product. 


The a, 6,6-trifluorostyrenes prepared were monomers and could be stored for a long time sealed in ampoules 
under argon, over a small amount of powdered copper at a temperature from —25° to —35°, Formation of the dimer 


[4] during such storage was negligible, One distillation (in nitrogen or argon) was sufficient for purification of the 
monomer before polymerization, 


As examples we cited the synthesis of « , 8 ,6 -trifluoro-p-methylstyrene (40%), &, 8,8 -trifluoro-o-methyl- 
styrene (55%), «, 8,8-trifluoro-m-methylstyrene (46%), In the same way it was possible to obtain a, 6,6-tri- 


fluoro-p-chlorostyrene (15%) and a small yield of a, 8 ,6-trifluoro-p-bromostyrene (5-10%), o-Perfluorovinyl- 
naphthalene was prepared in about 10% yield, When tetrafluoroethylene was reacted with tetramethylenedilithium, 
pentamethylenedilithium, and decamethylenedilithium unsaturated compounds CF,= CF(CH2),CF = CF, were ob- 


tained in about 35% yield, With butyllithium, as described also in the literature [3], only one reaction product, 
n-C,HgCF = CF», was obtained, 


In order to confirm the structure of the compounds under investigation, we obtained their IR spectra in the 
region from 2000 to 650 cm~, Of most interest in the IR spectra of the monomers investigated was the position of 


the band related to the valence vibration of the C=C group (table), 


a ,B-Trifluoro- a, 6,8-Trifluoromethylstyrenes 
-1 styrene 
in cm™) 


Valence vibration 1765 (v.s.) 1767 (v.s.) 1767 (v.s.) | 1788 (v.s.) 


Valence vibration of skeleton} 1607 (wk,) 1620 (med,) 1612 (med,) | 1613 (med,) 
of benzene ring 1507 (med,) 1522 (med.) 1497 (med,) | 1496 (med.,) 
Valence vibration of C—F 1291 (v.s.) 1296 (v4s.) 1291 (v.s.) | 1275 (v.s.) 
1196 (med,) 1199 (med,) 1201 (s.) 1203 (med.) 
1158 (v.s.) 1159 (v.s.) 1146 (s.) 1128 (v.s.) 


994 (s.) 995 (v.s.) 981 (med,)| 978 (v.s.) 
Nonplanar deformation - 825 (s.) - 


vibrations of CH 177 (s.) - 776 (med,) sag 
- 736 (med,) - 748 (s.) 
693 (s.) - 683 (med,) - 


It is well known that replacement of hydrogen by fluorine at a double bond elicits a shift in the frequency of 


the vibration of the C=C grouping in the direction of the higher frequencies and an increase in the intensity 


of the absorption, This shift in the case of «,8,6-trifluorostyrene is 130 cm in relation to the frequency of this 
vibration in styrene [5]. From the table it is seen that the methyl group in the ortho position causes a shift of the 
band related to the valence vibration of the C=C in the direction of higher frequencies, which indicates a strength- 


ening of the C=C _ bond, This is in agreement with data on the polymerization of the compounds investigated, 


The position of the bands relating to the valence vibrations of the skeleton of the benzene ring and the nonplanar 
deformation vibrations of CH characteristic of the monosubstituted para-, meta-, and ortho-disubstituted derivatives 
of benzene [6] confirms the structure of the monomers investigated, In the region of the valence vibrations of C-F 
there is a series of bands, the most intense of which are included in the table, 


EXPERIMENTAL 


Ether solutions of the organolithium compounds were prepared under the usual conditions from the alkyl halides 
and lithium under nitrogen, Filtration and siphoning of the solutions were carried out under argon, The styrenes were 
analyzed by the method of Zimin et al, [7]. 


Preparation of « ,8 ,8-trifluoro-p-methylstyrene, In an apparatus for low temperature condensations with a 
capacity of 1 liter, 450 ml of an ether solution of p-tolyllithium (15,1 g; 0.15 M) was placed under argon and cooled 
to —78°, At this temperature 45 g of pure tetrafluoroethylene (0,45 M) was passed in with vigorous stirring, over a 
period of 1.5 hr, the mixture was stirred for another 15 minutes, and then was decomposed by careful pouring into 
water and ice acidified with hydrochloric acid, After the usual treatment, distillation of the ether, and two vacuum 
distillations, 11 g of a, 8,8-trifluoro-p-methylstyrene (40%) was obtained with b, p, 91.5° (70 mm);n"°D 1,4810; 


@, 1,175; found MR 41,66; calculated MR 41,97, Found: C 62,97, 62.95; H 4,02, 4.00; F 32,95, 33.05%, CgHyFs. 
Calculated; C 62,79; H 4.07; F 33.14%, 


| 
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Preparation of a ,8,8-trifluoro-o-methylstyrene, Under the same conditions under argon 450 ml of an ether 
solution of o-tolyllithium (0.17 M; 17.4 g) was cooled to —78° and an excess of tetrafluoroethylene (0.5 M; 50 g) was 
passed in during the course of 2 hr, Sixteen grams of ©, 8,8 -trifluoro-o-methylstyrene (55%) was obtained with 


b, p. 79°(75 mm); 1°°D 1.4688; d?°, 1,140; found MR 42,70; calculated MR 41.97, Found: C 63,43, 63.36; H 3.66, 
3.61; F 32,99; 33.02%. 


Preparation of a ,8 ,8-trifluoro-m-methylstyrene, Under the same conditions under argon 280 ml of an ether 
solution of m-tolyllithium (0.2 M; 19.6 g) was cooled to —78° and an excess of tetrafluoroethylene (0.35 M; 35 g) 
was passed in during the course of 2 hr, Sixteen grams of a, 6,6 -trifluoro-m-methylstyrene (46.4%) was obtained 


with b, p. 87,5° (70 mm); n°°D 1.4795; 1.821; found MR 41,28; calculated MR-41,97, Found: C 63,20, 63,30; 
H 4,05, 4,01; F 32.95%, 


Preparation of a, 8,8-trifluorostyrene, Under the same conditions under argon 200 ml of an ether solution of 
phenyllithium (0,15 M; 13,3 g) diluted with 150 ml of absolute ether was cooled to —78°, and at this temperature 
an excess of tetrafluoroethylene (0,35 M; 35 g) was passed in during the course of 2 hr. Yield 7.4 g of a, 8 ,6-tri- 
fluorostyrene (30%) with b, p. 62-63° (75 mm); n°°D 1.4760; d?°, 1,220; found MR 36,53; calculated MR 37.20, Mole 
wt, 153,9-154,0 (calculated 158.0), Literature data [3]: b. p. 68° (75 mm); [8}: b. p. 67-68° (70 mm); fp 1.4731, 
Found: C 60,90, 61.00; H 3,02, 3,06; F 35,95, 36.00%. CgHsFg. Calculated: C 60,76; H 3,16; F 36.07%. 


SUMMARY 
1, «,8,8-Trifluoromethylstyrenes (ortho, meta, and para) have been prepared for the first time, 


2, The IR spectra of four, 8,6-trifluorostyrenes have been determined, ~ 
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a&-Trifluoromethylstyrene and « -difluoromethylstyrene have been mentioned in a patent [1] as monomers 
which give stable polymers and copolymers suitable for the production of technical fiber, More recently a synthesis 


of « -trifluoromethylstyrene through phenylmagnesium bromide has been published and the constants of this com- 
pound have been reported [2]. 


The problem of the synthesis of styrenes of this class for the investigation of their polymerization was presented 
to us [3]. Thus, «-difluoromethylstyrene, -difluoromethyl-p-methylstyrene, -difluoromethyl-o-methylstyrene, 
a -trifluoromethylstyrene, and o -trifluoromethyl-p-fluorostyrene were synthesized, The synthesis of these compounds 


was carried out by the following route: 
CHF, CHF, 
RCOCHF, ++ CH3Li > R-¢—CH, > 
bn 
R—CyHs, n-CHsCeHy, 0-CHsCeHy 
CF; CFs 
CyHsCOCF; -+- CH3Li + —CH, =CH, 
On 


Furthermore, starting from phenylmagnesium bromide and p-fluorophenylmagnesium bromide with trifluoro- 
acetone (through the carbinol stage) & -trifluoromethylstyrene and & -trifluoromethyl-p-fluorostyrene were prepared, 
The most convenient method was the use of methyllithium and the readily available w-difluoroacetophenones or 
W-trifluoroacetophenones prepared from RLi and fluorinated acids [4] or diethylamides of the acids [5], Condensa- 
tions of methyllithium with fluorinated acetophenones were carried out at a temperature of —20 to —25° in ether 
medium and the tertiary carbinols were obtained in 80-95% yield, Dehydration of the carbinols took place readily 


under the action of phosphorus pentoxide to yield 65-85% of the styrene, We further introduced a very simple method 
for the synthesis of p-chlorostyrene, 


EXPERIMENTAL 


The organolithium compounds were prepared by the usual methods under nitrogen or argon, The fluorinated 
compounds were analyzed either by combustion of a weighed sample with sodium peroxide with subsequent titration 
with thorium nitrate to determine the fluorine content or by elementary analysis by the method of Zimin et al, [6]. 


Preparation of o-methyl-w ,w-difluoroacetophenone. In an apparatus for low temperature condensations under 
argon 250 ml of an ether solution of o-tolyllithium (24.5 g; 0.25 M) was cooled to —75°, and 33,7 g of freshly dis- 
tilled diethylamide of difluoroacetic acid was added at this temperature during the course of 40 minutes, with vig- 
orous stirring, then the mixture was stirred for 1 hr more, It was then decomposed by pouring into ice water acidified 


with hydrochloric acid, Yield 28 g (65.7%) of o-methyl-w w -difluoroacetophenone with b, p. 61-63° (4 mm); Dd 
1.4995, Found; F 23,01, 22.80%. CoH,F,0. Calculated: F 22.35%, 
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Preparation of p-methyl-w ,w-difluoroacetophenone, In an apparatus for low temperature condensations under 
argon 250 mi of an ether solution of p-tolyllithium (24,5 g; 0.25 M) was cooled to —75°, and 33,7 g of freshly dis- 

tilled diethylamide of difluoroacetic acid was added at this temperature during the course of 40 minutes, with good 
stirring, then the mixture was stirred for 1 hr more. The mixture was then decomposed by pouring it into ice water 
acidified with hydrochloric acid, After the usual treatment and distillation of the ether, crystals were obtained; they 
were filtered by suction, and washed with hexane and pentane, After recrystallization from absolute methyl alcohol, 


22 g (51.7%) of p-methyl-w w-difluoroacetophenone was obtained with m, p, 48-51°, Found; F 23,10, 22.95%. 
Calculated: F 22.94%, 


Preparation of difluoromethylmethyl-o-tolylcarbinol. In an apparatus for low temperature condensations under 
argon 120 ml of an ether solution of methyllithium (1.97 g; 0.09 M) was cooled to —25°, At this temperature 15.7 g 
(0.09 M) of difluoromethyl-o-tolyl ketone in 50 ml of absolute ether was added at such a rate that the temperature 
did not rise above —20°, At the end of the addition the reaction mixture was stirred for 30 minutes and treated in 
the usual manner, Yield 12 g of difluoromethylmethyl-o-tolylcarbinol; b, p, 88,.5-89° (3 mm); f°D 1,5039, 


Preparation of «-difluoromethyl-o-methylstyrene, In a flask with a reflux condenser were placed under nitro- 
gen 10 g of difluoromethylmethyl-o-tol ylcarbinol (0,053 M), 3.96 g of phosphorus pentoxide (0.026 M), 0.3 g of 
copper powder, and 100 ml of dry benzene, The reaction mixture was heated for 4.5 hr at the boiling point of ben- 
zene, Yield 3,5 g of a-difluoromethyl-o-methylstyrene (42%); b. p. 98° (50 mm); **D 1.4910, Found: C 71.47, 
71,48; H 5,99, 6,00; F 22,50, 22.49%, Calculated: C 71.42; H 5,95; F 22.63%, 


Preparation of difluoromethylmethyl-p-tolylcarbinol, In a special apparatus for work at low temperatures 
under argon was placed 130 ml of an ether solution of methyllithium (2.2 g; 0.1-M) and the mixture was cooled to 
—20°, At this temperature and with good stirring 17.0 g (0.1 M) of difluoromethyl o-tolyl ketone in 50 ml of ab- 
solute ether was added, The temperature during the time of reaction was maintained at —-20 to —22°, Stirring was 


continued for 2 hr more, After the usual treatment, 10 g of difluoromethyl-p-tolylcarbinol (53.6%) was obtained; 
b, p. 92° (3 mm); 1.5009, 


Preparation of a -difluoromethyl-p-methylstyrene, In a flask with a reflux condenser were placed, under nitro- 
gen, 8.5 g of difluoromethylmethyl-p-tolylcarbinol (0,045 M), 3.19 g of phosphorus pentoxide (0.0225 M), 0.3 g of 
copper powder, and 100 ml of dry benzene, The reaction mixture was heated for 4,5 hr at the boiling point of ben- 
zene, Yield 4,1 g of a-difluoromethyl-p-methylstyrene (54%); b. p. 103° (50 mm); n°°D 1,4898, Found; C 72.18, 
71,98; H 5.60, 5,56; F 22,0, 22.02%. CygHypF2. Calculated; C 71.43; H 5,93; F 22.62%, 


Preparation of « -trifluoromethyl-o -methylbenzyl alcohol, From methyllithium and trifluoroacetophenone, 
The reaction was carried out in an apparatus for condensations at low temperatures under nitrogen, In the apparatus 
was placed 255 ml of an ether solution of methyllithium containing 4.4 g of methyllithium (0,2 M), which then was 
cooled to —30°, At this temperature, with vigorous stirring, the addition of 34.8 g (0.2 M) of trifluoroacetophenone 
[7] in 50 ml of absolute ether was started at such a rate that the temperature did not rise above —20°; the addition 
required 2 hr, Then stirring was continued for another 2 hr at —20°, and the mixture was decomposed by pouring it 
into ice with dilute hydrochloric acid, After the usual treatment 32,5 g of «-trifluoromethyl-« -methylbenzyl alco- 


hol was obtained; b, p, 91-91,5° (21 mm); 71-72° (10 mm); yield 79%; °D 1.4658, According to literature data 
[2]: b. p. 62-66° (4.5 mm); 1.4656, 


From phenylmagnesium bromide and trifluoroacetone, An ether solution of phenylmagnesium bromide was pre- 
pared from 7.3 g of magnesium and 47,1 g of bromobenzene in 200 ml of absolute ether, This solution was cooled 
under nitrogen to —10°, and with vigorous stirring over a period of 1 hr 40 g of trifluoroacetone in 50 ml of absolute 
ether previously cooled to —30° was added, The dropping funnel for the addition of this solution was cooled to —10°, 
At the end of the addition stirring was continued for 2 hr, with gradual raising of the temperature to that of the room, 
and the mixture was then left to stand until the next day, The reaction mixture was decomposed by pouring into ice 
with the addition of dilute hydrochloric acid, Yield 46 g of o -trifluoromethyl-o -methylbenzyl alcohol (70%). 


Preparation of a -trifluoromethylstyrene, The dehydration of 40 g of a -trifluoromethyl-o -methylbenzyl alco- 
hol was carried out by heating with 36 g of phosphorus pentoxide on an oil bath in a current of nitrogen and distilling 
the products of the reaction off at a bath temperature of 160-165° (at the end of the distillation up to 185°), The 
macerial obtained was diluted with ether and washed with 5% sodium hydroxide solution and with a saturated solu- 
tion of calcium chloride, and dried after the usual treatment, Yield 30 g of a-trifluoromethylstyrene (82%); b. p. 


80.5° (77 mm); #°D 1,4620; d?°, 1,172; found MR 41,29; calculated MR 41,97, According to literature data (2): 
1,4603; 1.167, 
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Preparation of a -difluoromethyl-« -methylbenzyl alcohol, The reaction was carried out in an apparatus for 
condensations at low temperatures under nitrogen. In the apparatus was placed an ether solution of methyllithium 
containing 4 g of methyllithium (prepared from methyl chloride), The mixture was cooled to —30° and at this tem- 
perature 22,7 g of w,W-difluoroacetophenone [8] (0.15 M) in 50 ml of ether was added dropwise, with stirring. The 
temperature ot the reaction mixture was not allowed to rise above —25° and the addition took 2,5 hr, Then the mix- 
ture was stirred for 1,5 hr more at a temperature of about —20° and decomposed by pouring it into water and ice 
acidified with dilute hydrochloric acid, Yield 23.2 g of a-difluoromethyl-« -methylphenylcarbinol (92.5%); b, p. 
81°(7 mm); 1,4929, Found: F 21.84, 21.65%. Calculated: F 22.09%. 


Preparation of a -difluoromethylstyrene, A solution of 10,5 g of «-difluoromethyl-o -methylbenzyl alcohol 
(0.06 M) in100ml of benzene was prepared and 4,2 g of phosphorus pentoxide (0,03 M) in 20 ml of benzene was 
added, The mixture was refluxed with moderate boiling under nitrogen for 5 hr on a glycerol bath, Then the solu- 
tion was poured off, dried with sodium sulfate with a little added copper poweder, the benzene was distilled off, and 
the residue was distilled, Yield 6,2 g (60.5%) of «-difluoromethyfstyrene; b, p, 90,0-90,5° (40 mm); °D 1,4980, 
Found: F 24,35, 24.45%, CoHsF2. Calculated: F 22.09%, 


Preparation of o -trifluoromethyl-c -methyl-p-fluorobenzyl alcohol, p-Fluorophenylmagnesium bromide was 
prepared in the usual way from 26,3 g (0.15 M) of p-fluorobromobenzene in 200 ml of absolute ether and 3,7 g(0,15 
M) of magnesium, It was cooled to —10° and over the course of 45 minutes 18,4 g (10% excess) of tifluoroacetone 
in 40 ml of absolute ether (cooled to —50°) was added dropwise with vigorous stirring, the stirring was continued for 
3 hr more at a temperature of about 0°, and the mixture was left at room temperature overnight, After the usual 
treatment and distillation in vacuum, 20,5 g (65%) of a -trifluoromethyl-o -methyl-p-fluorobenzyl alcohol was ob- 
tained; b, p. 83-84°(17 mm), Found: F 36,82, 36.64%. CyH,OF,. Calculated: F 36.97%. 


Preparation of -trifluoromethyl-p-fluorostyrene, Dehydration of -trifluoromethyl-a -methyl-p-fluorobenzyl 
alcohol (16.5 g) was carried out by treating with 15 g of phosphorus pentoxide and gradually heating the mixture on 
an ofl bath under nitrogen, Distillation began at a bath temperature of 170-180° and continued at this temperature 
for 1 hr, The mixture was further heated for 30 minutes at 190-200°% A total of 14 g of crude product was obtained, 
After distillation, 11.5 g (76%) of «-trifluoromethyl-p-fluorostyrene with b, p, 53° (20 mm) and 1,5 g of the start- . 
ing carbinol were isolated, Found: F 39,76, 39.80%. CyH,Fy. Calculated: F 40.0%. 


Preparation of p-chlorophenylmethylcarbinol, In an apparatus filled with argon was placed 270 ml of 0,64 N 
ether solution of n-butyllithium and at a temperature of 20°, 30,7 g of p-chlorobromobenzene in 50 ml of absolute 


ether was added, with vigorous stirring, over a period of 20 minutes, then stirring was continued for 10 minutes more, 
and an excess (10 g) of acetaldehyde in 10 ml of absolute ether was added at a temperature not higher than 25°, The 


mixture was decomposed by pouring into ice with hydrochloric acid; after the usual treatment p-chlorophenylcarbinol 
[9] (80-85%) was obtained; b, p, 118-121° (12 mm). 


Preparation of p-chlorostyrene, Dehydration of 31,5 g of p-chlorophenylmethylcarbinol with 3 g of potassium 
acid sulfate was carried out under the usual conditions [8]. After treatment about 20 g of p-chlorostyrene was ob- 


tained with b, p, 75-76° (19 mm); n°D 1.5665; n°°D 1.5646; yield 60-65%. According to the data in the literature 
[10}: b. p. 39° (2 mm); 1.5648, 


SUMMARY 
1, Methods have been developed for the synthesis of « -difluoromethylstyrenes and o -trifluoromethylstyrenes, 


2, &-Difluoromethylstyrene, « -difluoromethyl-o-methylstyrene, -difluoromethyl-p-methylstyrene, and 
a -trifluoromethyl-p-fluorostyrene have been described for the first time, 
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In a previous communication [1] some properties of p-trimethylsilylbenzaldehyde have been discussed, It has 
been shown that p-trimethylsilylbenzaldehyde gives the qualitative reactions characteristic of a carbonyl group and 
enters freely into addition reactions with various organic reagents (sodium bisulfite, semicarbazide, 2,4-dinitrophenyl- 
hydrazine, hydroxylamine, ammonia, and aromatic amines), 


The present work was devoted to a study of the condensation of p-trimethylsilylbenzaldehyde with aldehydes 
and ketones in the presence of aqueous solutions of alkalies as catalysts, Condensation was carried out with acetone, 
pinacolin, acetophenone, cyclohexanone, acetaldehyde, and formaldehyde, In the study of the condensation reaction 
of p-trimethylsilylbenzaldehyde with ketones it was found that when there is one active methylene group in the ke- 
tone the reaction proceeds in a well defined manner according to the scheme 


p-(CHs)3SiCgH,CHO CH,COR — 
where R= CgHs; C(CHg)3 


With two active methylene groups in the molecule of the ketone (for example, acetone, cyclohexanone) further 
condensation is possible at the expense of the second methylene group. Thus, when p-trimethylsilylbenzaldehyde was 
condensed with acetone in a 1:1 molar ratio, p-trimethylsilylbenzalacetone was obtained, but with a 2:1 ratio 
p-trimethylsilylbenzalacetone was absent and a tetramer was formed, apparently di-(p-trimethylsilylbenzal)acetone, 


In the reaction with cyclohexanone, as a result of its specific properties, with the same ratios and reaction con- 
ditions we were able to obtain only. 1,3-di-(p-trimethylsilylbenzal)cyclohexanone 


| |+ 2p-(CHy)3SiCgH S=CHCoH,Si 


p-Trimethylsilylbenzaldehyde reacted with acetaldehyde according to the usual scheme of aldol condensation, 
but with formaldehyde the reaction proceeded with the formation of an alcohol according to the scheme 


O 


+H,O 


In spite of the easy oxidation of p-trimethylsilylbenzaldehyde, we were able to carry out a Cannizzaro reaction in 


the presence of an aqueous solution of potassium hydroxide; in this process one molecule of the aldehyde was re- 
duced toalcohol, the other was oxidized to acid, 


2p-(CH3)3SiCgH,CHO p-(CH3)3SiCsH,CH,OH +- p-(CH3)3SiCeH,COOH 


EXPERIMENTAL 


Ketones and aldehydes used for condensation were purified by the usual methods of organic chemistry and their 
physical constants agreed well with the literature data, The methods of determining the physical constants have been 


described previously [2, 3], The molecular refractions were calculated as described by Vogell [4]. Silicon was de- 
termined in a number of the condensation products by the method of wet combustion with a mixture of fuming nitric 
acid and oleum, The elementary composition of the compounds was determined by combustion of a microsample 


of the compound in an empty tube,* Nitrogen was determined in the semicarbazones by microcombustion by the 
Dumas method, 


p-Trimethylsilylbenzaldehyde prepared by a previously described method [1] had the b, p. 87.4-87.8° (5 mm); 
118-119° (15 mm); n°°D 1,5245; Semicarbazone: b.p. 200-201°, Found Si 12.11, 12.18; N 17.91, 17.78%, CyyHy7SiNg. 
Calculated: Si 11.94; N 17.85%, All experiments were carried out in an atmosphere of nitrogen, 


Reaction of p-Trimethylsilylbenzaldehyde with Acetone 


p-Trimethylsilylbenzalacetone, A mixture of 6,4 g (0,11 M) of acetone and 7,2 g (0,04 M) of p-trimethyl- 
silylbenzaldehyde with 1 ml of 10% godium.hydroxide solution was stirred vigorously at room temperature for 5 hr. 
Then dilute hydrochloric acid was ad@ed to the reaction mixture to an acid reaction and the product was extracted 
from the aqueous mixture with benzene, After the benzene had been distilled off and the residue distilled in vacuum, 
6.1 g (74% of theoretical) of p-trimethylsilylbenzalacetone was obtained as a slightly yellowish liquid with b. p. 
127,5-128,5° (1 mm); 139,4-139,7° (5 mm); W°D 1,5670; d”°, 1.0215; found MR 69,84; calculated MR 69,16, On 
standing, the liquid set to a solid mass with m, p, 31-32°, Found: Si 12,48, 12,61; C 71.30, 71.47; H 8.29, 8,13%; 
mole wt 219,2; 217.1. CygHygSiO, Calculated: Si 12,86; C 71.50; H 8.31%; mole wt, 218.4, The semicarbazone 
of p-trimethylsilylbenzalacetone formed lustrous yellowish plates with m, p. 197-198°, Found Si 9.86, 9.93; N 15,02, 
15.19%. Cy4Hg3SiN,0, Calculated: Si 10,20; N 15.26%, 


Di-(p-trimethylsilylbenzal)acetone, The synthesis was carried out according to the reaction 


CHC,H,Si(CH3)3-p 


by the following method: to a solution of 5 g of sodium hydroxide in 50 ml of water and 40 ml of ethyl alcohol was 
added with vigorous stirring a mixture of 9 g (0,05 M) of p-trimethylsilylbenzaldehyde with 1.5 g (0,025 M) of ace- 
tone, The reaction mixture was stirred at room temperature for 5 hr, During this process a brownish oily product 
was formed, Similar results were obtained upon more prolonged stirring and under conditions of cooling and heating 
the reaction mixture, The oily product was extracted from the reaction mixture with benzene, After the benzene 
had been distilled off in vacuum, a brown viscous tar was obtained which was converted to a solid yellow mass by 
washing three times with hot alcohol, Recrystallized from hot alcohol the product had the m. p, 190-193°; its ele- 
mentary composition approximated the formula C9gH»9Si2O, L.e., di-(p-trimethylsilylbenzal)acetone, Found: C 
71,92, 72,27; H 7,98, 7.29; Si 13,45, 14.16%, CogHgpSizO, Calculated: C 72,54; H 7.97; Si 14.84%, 


Determination of the molecular weight in benzene gave a value equivalent to four times the above formula. 
Mol, wt, found 1541; 1528, CgHy29Si,0,. Calculated mol, wt, 1504, 


It may be assumed that the conditions of reaction and recrystallization of the product obtained from alcohol 


in the sunlight lead to further condensation of the primary reaction products, as takes place in the case of dibenz- 
alacetone [5]. 


p-Trimethylsilylbenzalpinacolin 


A mixture of 8 g (0,045 M) of p-trimethylsilylbenzaldehyde, 4 g (0,04 M) of pinacolin, and 15 ml of ethyl 
alcohol with 4 ml of 10% sodium hydroxide solution was shaken vigorously for 48 hr, After 20 days standing the 
mixture was diluted with an equal volume of water; the p-trimethylsilylbenzalpinacolin was extracted with ether; 
the ether extract was washed with water and dried with calcium chloride, the ether was distilled off, and the residue 
was distilled in vacuum. On repeated distillation in vacuum, 7,2 g (61% of theoretical) of pure product was obtained 
with b, p, 153-153,6° (4 mm); °D 1.5448; the product very quickly solidified to a slightly yellowish mass with m, p. 
34-35", readily soluble in alcohol, ether, and benzene, Found: Si 10,36, 10.37; C 73.76, 73.66; H 9.42, 9.34%; mole 
wt, 260; 261, CygH24SiO, Calculated: Si 10,78; C 73.78; H 9.29%; mole wt, 260, 


P-Trimethylsilylbenzalacetophenone 


To an alkali solution, prepared by dissolving 2,18 g (0.055 M) of sodium hydroxide in a mixture of 19,5 ml of 
water and 12,5 ml of 95% ethyl alcohol, was added, with vigorous stirring and cooling to 13-15°, 5,2 g (0,043 M) of 
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acetophenone with b, p. 76-77° (10 mm) and 7.7 g (0.043 M) of p-trimethylsilylbenzaldehyde, After 3 hr stirring 
the reaction mixture was kept at +2 to 0° for 15 hr, In this time a paste formed which consisted of a fine yellowish 
suspension and an almost colorless liquid, The mixture was filtered with suction and the precipitate was washed 

with water, then with cold alcohol, dried in a desiccator over calcium chloride, and recrystallized twice from alco- 
hol, The weight of the recrystallized product was 5,3 g; m. p. 69-69.7°. The filtrate consisted of two layers, aqueous 
and oily, The oily product was separated, dried with sodium sulfate, and after distillation in vacuum another 3 g of 
the main product was isolated from it with b. p, 210-212° (4 mm); m, p. 69-69.5°, In all, 8.3 g (67% of theoretical) 
of p-trimethylsilylbenzalacetophenone was obtained as light yellow lustrous plates, readily soluble in ether and ben- 
zene, more difficultly so in alcohol, Found: Si 9,84, 9,91; C 77.11, 77.13; H 6,98, 6.86%; mole wt, 278.1; 279.3. 
CygHg SiO, Calculated; Si 10,02; C 77,09; H 7.19%; mole wt 280.4, 


1,3-Di-(p-trimethylsilylbenzal)cyclohexanone 


When a mixture of 8 g (0,045 M) of p-trimethylsilylbenzaldehyde and 2 g (0,02 M) of cyclohexanone was 
shaken for 30 hr with 8 ml of 10% sodium hydroxide solution in 50 ml of ethyl alcohol, a copious yellow precipitate 
was formed, After filtration, washing with water and alcohol, drying, and recrystallization from alcohol, 6.4 g of 
1,3-di-(p-trimethylsilylbenzal)cyclohexanone was obtained; m, p. 145°; yield 76.5% of theoretical, Found: Si 13,40, 
13,18; C 74,33, 73,98; H 7,92, 8.01%; mole wt, 416,0; 419.3. CogHg,SiO, Calculated: Si 13.42; C 74,58; H 8.19%; 
mole wt, 418.7. 


Reaction of p-Trimethylsilylbenzaldehyde with Formaldehyde 


To a mixture of 7,2 g (0.04 M) of p-trimethylsilylbenzaldehyde, 10 ml of formalin (0,12 M of formaldehyde) 
and 10 ml of methyl alcohol heated to 60-65° was added 6,8 g (0,12 M) of potassium hydroxide in 5 ml of water, 
Then the reaction mixture was heated on a water bath for 2 hr, cooled, and diluted with 30 ml of water, An oily 
layer separated; the aqueous layer was extracted with benzene, The oil and the benzene extracts were combined, 
washed with sodium bisulfite and with water, and dried with sodium sulfate, The benzene was distilled off and the 
residue was distilled in vacuum, Yield 4,7 g (65.2% of theoretical) of p-trimethylsilylphenylcarbinol with b, p. 
131,5-132° (11 mm); °D 1.5143; a, 0.9602; found MR 56,57; calculated MR 56,25, Literature data [6]: b. p, 139° 
(16 mm); °°D 1,5140; d?°, 0.9605, Found: Si 15,43, 15.28%. CyoHygSiO. Calculated: Si 15.58%, 


p-Trimethylsilylcinnamaldehyde 


To a mixture of 20 ml ot ethyl alcohol, 9 g (0,05 M) of p-trimethylsilylbenzaldehyde, and 5. g (0.1 M) of 
acetaldehyde was added slowly, with cooling, 120 ml of a 1% solution of sodium hydroxide, and the reaction mix- 
ture was vigorously stirred for 5 hr, Then 10 g of sodium chloride was added to the mixture and the product was 
extracted with ether, The ether extract was dried with sodium sulfate, the ether was distilled off, and the residue 
was distilled in vacuum in an atmosphere of nitrogen, Yield 8.6 g (83.4% of theoretical) of p-trimethysilylcinnam - 
aldehyde, a clear, colorless oil with a weak cinnamon odor; b, p, 97-98° (3 mm); 108-109° (11 mm); °D 1.5210; 
d®°, 0.9837; found MR 63,52; calculated MR 63,23, Found: Si 13,51, 13,74; C 70,42, 70.87; H 7.81, 8.01%; mole 
wt, 205.4; 203.1. CyHygSiO, Calculated: Si 13,61; C 70,53; H 7.89%; mole wt, 204,4, The semicarbazone, puri- 
fied by recrystallization from alcohol, melted at 198-200°, Found: Si 10,81, 10,79; N 16,24, 16.01%. CygHygSiN,O. 
Calculated; Si 10.74; N 16.08%. 


Cannizzaro Reaction 


In a 50-ml flask were placed 9 g (0,05 M) of p-trimethylsilylbenzaldehyde and a solution of 5 g of potassium 
hydroxide in 5 ml of water, The mixture was shaken for 2 hr, until a stable emulsion formed which was kept for 
20 hr at toom temperature, To the crystalline mass that separated (potassium p-trimethylsilylbenzoate) was added 
60 ml of water until the mass entirely dissolved; the p-trimethylsilylphenylcarbinol was extracted with-ether; the 
ether extract was dried with sodium sulfate, the ether was distilled off, and from the residue 3.5 g (17.8% of theo- 
retical) of p-trimethylsilylphenylcarbinol was obtained by distillation with b, p. 138-139° (16 mm); m”°D 1.5142, 
Found; Si 15,31, 15.65%, CypHygSiO, Calculated: $i 15,58%, The aqueous alkali solution was acidified with hydro- 
chloric acid, whereupon p-trimethylsilylbenzoic acid precipitated, which after recrystallization from a large amount 
of hot water and then from ligroin melted at 117-118°, Literature data [6]; b. p. 117-118°, Found: Si 13,41, 14.48%, 
CypHy4SiO2. Calculated: Si 14.46%, 


Analyses were made by Yu, N, Platonov, to whom the authors express their appreciation, 


SUMMARY 
1, The condensation of p-trimethylsilylbenzaldehyde with aldehydes and ketones has been studied, 


2. A number of tetra-substituted silanes have been prepared, the organic radicals of which contain different 
functional groups (carbonyl, carboxyl, hydroxyl) and their physicochemical constants have been determined, Seven 
of the compounds prepared were synthesized for the first time. 


3, The Si-C,, bond in these compounds is stable to the action of 10-20% solutions of alkalies and acids, 
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In previous communications the conversion of the readily available 3-methoxy-D-homoestra-1,3,5(10),8,14- 
pentaen-17a-one (I) to D-homoequilenin [1] and estrone [2] has been described, 


HO 


Naturally the idea arose of converting the ketone (I) not only to steroids with the aromatic ring A, which have 
an estrongenic effect, but also to 19-nor-3-ketosteroids and their derivatives, which might have androgenic, gesta- 
genic, or anabolic activity, Pertinent examples are numerous in the literature, Thus, 19-nortestosterone has 30% 
of the activity of testosterone [3], 19-nor-17-ethynyltestosterone (Norlutin) is several times as active as progesterone 


[4], and 17-ethyl-19-nortestosterone has a strong anabolic effect [5]. 


We therefore undertook a study of the conversions of ketone (I), including the reduction of ring A by metals 
in liquid ammonia, When ketone (I) was hydrogenated, the previously described 3-methoxy-D-homoestra-1,3,5(10),- 
8-tetraen-17a-one (II) was obtained; its ethylene ketal (III) on reduction with lithium and alcohol in liquid ammonia 


went to the ethylene ketal of 3-methoxy-D-homoestra-2,5(10)-dien-17a-one (IV), which on hydrolysis gave 19-nor- 
D-homoandrosta-4-dien-3,17a-dione (V) 


Li, NH,. 
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Since it has previously been shown that the ketal (IV) on dehydrogenation yields a derivative of estrone with 
the natural configuration [2], then consequently the ketal (IV) and the diketone (V) have an analogous configuration, 
It is interesting to note that when ketone (II) was converted to the ketal a side hydrogenation reaction took place and 

in addition to ketal (III) the ketal of the methyl ether of trans-D-homoequilenin (VI) was isolated, Hydrolysis of 

ketal (III) also was accompanied by dehydrogenation and isomerization, and as a result a complex mixture of materials 
was obtained, from which we succeeded in isolating the methyl ether of trans-D-homoequilenin (VII). 


The ease of dehydrogenation of ketal (III) (apparently as a result of irreversible catalysis) is not anything ex- 


ceptional and has been recorded in the literature. Thus, equilin, or A*-estrone, under the conditions of catalytic 
hydrogenation is converted to equilenin [6], 


The starting ketone (II) upon heating in acid medium also undergoes isomerization and dehydrogenation, No 
doubt the isomerization takes place as a result of migration of a double bond, but the corresponding product (VIII) 
could not be separated into the individual compounds and as in the case of ketal (III) it was possible to isolate only 
the methyl ether of D-homoequilenin (VII), The ease of formation of the equilenin system was demonstrated also 
in the demethylation of ketone (I), In the first communication [1] the structure of D-homoestra-1,3,5,8,14-pentaen- 
3-ol-17a-one was ascribed to the demethylation product, but its UV spectrum agreed with the spectrum of trans-D- 
homoequilenin (IX) and their acetates did not show a depression in melting point, The demethylation of 3-methoxy- 


8,14-seco-D-homoestra-1,3,5(10),9-tetraen-14,17a-dione (X), by the cyclization of which ketone (I) is obtained, 
also leads to trans-D-homoequilenin (IX), even in good yield, 
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Thus, starting with 6-methoxytetralone, the synthesis of D-homoequilenin (IX) has been accomplished in a 
total of three stages with an over-all yield of 29%, 


CH 
oul 
100% o7 
48% 
CH;0 CH,0 CH, 


When ketone (I) reacted with ethylene glycol in the usual way, the corresponding ethylene ketal (XI) was ob- 
tained, Hydrogenation of the latter led to the ethylene ketal (III); the same results were obtained also by reduction 
by Birch's method with a fivefold excess of lithium, With a large excess of lithium in the presence of alcohol, re- 
duction of the aromatic ring also occurred, but the double bond between the rings remained unaffected even if the 
reaction was carried out with a 35 fold excess of lithium (calculated on the double bonds), 
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The ethylene ketal of 3-methoxy-D-homeestra-2,5(10),8-trien-17a-one (XII) formed went over on hydrolysis 
to the unsaturated ketone (XIII) with one conjugated double bond, as follows from the UV spectrum, which has — ox 
235 mp; log€ 4,30, close to the values for the diketone (V), while the conjugated dienones have maxima in the 
region 280-290 my [7]. The position of the second double bond is to some extent conjectural, although it is difficult 
to visualize its migration to any other unconjugated position, 


EXPERIMENTAL 


Preparation of 6-methoxytetralin, A mixture of 150 g of recrystallized nerolin with m, p. 71-72°, 200 ml of 
methanol, 6 ml of acetic acid, and 10 g of Raney nickel was hydrogenated in a one-liter, rotating autoclave at 130° 
and an initial hydrogen pressure of 150 atm, The hydrogen was mainly adsorbed in 2-2,5 hr, The catalyst was fil- 
tered off, the methanol was distilled off in vacuum, and by a double distillation 111 g (72%) of 6-methoxytetralin 
was obtained with b, p. 117-118° (8 mm); #°D 1,5420, If the hydrogen pressure is low (~ 100 atm), the yield of 
the desired fraction sometimes falls to 50%. 


Preparation of 6-methoxytetralone, To a solution of 150 g of 6-methoxytetralin in 750 ml of acetone was 
added at —5° over the course of an hour a solution of 140 g of chromic anhydride and 225 g of sulfuric acid in 565 
ml of water; the mixture was stirred for 6 hr and left overnight, The next day the acetone layer was separated off 
and the aqueous layer was carefully extracted (10-15 times) with ether, The combined ether-acetone solution was 
neutralized with dry sodium carbonate, dried with magnesium sulfate, filtered, and a large part of the solvent was 
distilled off, The crystals that precipitated were filtered with suction and washed with cold methanol, The yield 
was 82 g of 6-methoxytetralone with m, p. 77-78°, sufficiently pure for the next reaction, By evaporation and 
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crystallization of the mother liquors it was possible to bring the yield to 92 g (56%). In another experiment 220 g 
of 6-methoxytetralone was obtained from 460 g of 6-methoxytetralin, but 135 g of the starting ether was recovered, 
so that the yield amounted to 61% taking into account the unreacted methoxytetralin, 


Preparation of 1-vinyl-6-methoxytetralol-1 and condensation of it with methyldihidroresorcinol, The prep- 
aration of 1-vinyl-6-methoxytetralol-1 was carried out by the method described in[8]. A mixture of 6.5 g of freshly 
prepared 1-vinyl-6-methoxytetralol-1, 4 g of crystalline methyldihydroresorcinol, Triton B (from 0.8 g of trimethyl- 
benzylammonium chloride, 0,24 g of potassium hydroxide, and 4 ml of alcohol), and 10 ml of xylene was heated for 
45 minutes (in a flask with a water separator) at 130-140° in a current of nitrogen, The reaction mixture was cooled, 
diluted with 100 ml of ether, the unreacted methyldihydroresorcinol (1,1 g) was filtered off, the ether layer solution 
was washed three times with 5% potassium hydroxide solution and with water, and dried with magnesium sulfate, After 
filtration, distilling off the solvent, and crystallization, 5,0 g (50%) of 3-methoxy-8, 14-seco-D-homoestra-1,3,5,9- 
tetraen-14,17a dione (X) was obtained; m.p. 89-90°-(from alcohol). 


In one of the experiments the yield of the diketone was 52%, It was noted that use in the reaction of 1-vinyl- 
6-methoxytetralol-1 which had stood for several days (in a refrigerator) lowered the yield to 30%, and even less, 
Replacement of the xylene by dimethylformamide gave only 4% of the diketone (X). 


Preparation of 3-methoxy-D-homoestra-1,3,5(10),8,14-pentaen-17a-one (I), Cyclization was carried out under 


the conditions previously described [1], In one of the experiments 19 g (95%) of ketone (I) was obtained from 21.3 g 
of diketone (X), 


Preparation of 19-nor-D-homoandrost-4-en-3,17a-dione (V), The starting ethylene ketal of 3-methoxy-D- 
homoestra-2,5(10)-dien-17a-one (IV) was prepared by the method described in [2]. To a heated solution of 130 mg 
of the ketal (IV) in 100 ml of glacial acetic acid was added 1 ml of hydrochloric acid. (1: 1), the mixture was heated 
to boiling, diluted with water, and the precipitate was filtered off. Yield 80 mg (74%) of 19-nor-D-homoandrost-4- 
en-3,17a-dione (V), m, p. 174-175° (from ethyl acetate); A 4x (in alcohol) 230, 278 my; log€ 3,98, 3,14; IR spec- 
trum 1707, 1670 cm™*, Found: C 79.6, 79.7; H 9.0, 8.95%. CygHag02. Calculated: C 79.7; H 9.15%. 


Synthesis of trans-D-homoequilenin (IX), A mixture of 400 mg of the diketone (X) and 10 g of dry, freshly 
prepared pyridine hydrochloride was heated for 40 minutes at 210-215° in a current of nitrogen, Upon cooling, the 
reaction product was treated, with stirring, with 200 ml of 5% potassium hydroxide solution, extracted with ether, 
and the aqueous solution was acidified to Congo, Crystals (230 mg) with m, p. 203-204° were separated, which after 
crystallization from alcohol melted at 234-235° and gave no depression in melting point with a known sample of 
trans-D-homoequilenin (IX); \ max 230, 260, 270, 280.5, 292, 326, 339 my; logé 4,78, 3,58, 3.70, 3,75, 3,59, 
3,33, 3.40, The acetate melted at 149-150°, 


Isomerization of 3-methoxy-D-homoestra-1,3,5(10),8,14-pentaen-17a-one (I) to the methyl ether of trans- 
D-homoequilenin (VII), A mixture of 1 g of ketone (I), 10 ml of toluene, 10 ml of acetic acid, and 10 ml of con- 
centrated hydrochloric acid was boiled for 4 hr in a current of nitrogen, The reaction mixture was extracted with 
toluene, the toluene solution was washed with 5% potassium hydroxide solution and with water and was dried with 
magnesium sulfate, After filtration, distillation of the solvent, and crystallization of the residue from benzene, 52 


mg of the methyl ether of trans-D-homoequilenin (VII) was isolated with m, p, 210-212°, and which gave no de- 
pression in melting point with a known sample, 


Ketalization of 3-methoxy-D-homoestra-1,3,5(10),8-tetraen-17a-one (II), A mixture of 10 g of ketone (II), 
250 ml of toluene, 70 ml of ethylene glycol, and 0.5 g of p-toluenesulfonic acid was boiled while the toluene was 
slowly distilled off over the course of 8 hr (a total of 1 liter of toluene was distilled off), The reaction mixture was 
washed with a solution of sodium carbonate, then with water, the toluene solution was dried with magnesium sulfate, 
and the residue after distillation of the solvent was crystallized from ethyl acetate, Yield 4,6 g of ketal (III), m. p. 
145-146°, From the mother liquors 0,45 g of the ethylene ketal of the methyl ether of trans-D-homoequilenin (VI) 
was separated, with m, p, 148-148,5° (from ethyl acetate); A,,4, (in alcohol) 228,5, 264,5, 287.5, 321, 336 my; 
log€ 4,62, 4,01, 3.56, 3,13, 3.22, Found: C 77,7, 77.7; H 8.0, 8.0%. Co2Hgg03. Calculated: C 78.1; H 7.7%. 
Furthermore, 120 mg of the methyl ether of trans-D-homoequilenin (IX) was obtained with m, p. 210-212°, giving 
no depression in melting point with a known sample. 


Hydrolysis of the ethylene ketal of the methyl ether of trans-D-homoequilenin (VI). To a solution of 120 mg 
of ketal (VI) in 5 ml of acetic acid was added 1 mil of 1 N HCl, the mixture was heated to boiling, cooled, and di- 


luted with water, After filtration and crystallization of the precipitate (m. p. 198-204°) from ethyl acetate, 50 mg 


of the methyl ether of trans-D-homoequilenin (VII) was obtained with m, p, 211-212°, giving no depression with a 
known sample, 


Isomerization of 3-methoxy-D-homoestra-1,3,5(10),8-tetraen-17a-one (II), A mixture of 370 mg of ketone 

(11), 5 ml of toluene, 5 ml of acetic acid, and 1 ml of hydrochloric acid was boiled for 2 hr, The reaction mixture 
was extracted with toluene, the toluene layer was washed with sodium carbonate solution and water, the solvent was 
distilled off in vacuum, and by crystallization of the residue from ethyl acetate 120 mg of material with m, p, 165- 
167° was obtained, By many crystallizations from ethyl acetate it was possible to isolated only the methyl ether of 
trans-D-homoequilenin with m, p, 200-203°, giving no depression in melting point with a known sample and having 
a UV spectrum which coincided with the spectrum of the known compound, Chromatography of the reaction products 
on alumina was not successful, When the hydrochloric acid was replaced by p-toluenesulfonic acid, the same com- 


plex mixture of products was obtained, The etherate of boron trifluoride at room temperature did not cause isomer- 
ization, 


Preparation of the ethylene ketal of 3-methoxy-D-homoestra-1,3,5(10),8,14-pentaen-17a-one (XI), A mix- 
ture of 17 g of ketone (I), 120 ml of ethylene glycol, 0.6 g of p-toluenesulfonic acid, and 800 ml of toluene was re- 
fluxed for 6 hr with a condenser fitted with a water trap, After cooling the toluene was separated, the lower layer 
was extracted twice with ether, the combined extracts were washed with sodium bicarbonate solution, the solvents 
were distilled off in vacuum, and the residue was crystallized from alcohol, Yield 13,15 g (67%) of ketal (XI) with 
m, p. 117-119°, The pure ketal melted at 124-124,5°; A_14, (in alcohol) 227, 307 my; log € 4,18, 4.48, Found: 
C 78,4, 78.5; H 7.8, 7.9%. CopH9g03. Calculated: C 78.1; H 7.7%. 


Hydrolysis of ketal (XI), Hydrolysis of ketal (XI) was carried out in a manner similar to the hydrolysis of ketal 
(IV). From 340 mg of ketal (XI) there was obtained (after crystallization from alcohol — ethyl acetate) 150 mg of 
ketone (I) with m, p, 134-136°, giving no depression in melting point with a known sample, 


Hydrogenation of ketal (XI), Two grams of ketal (XI) in 20 ml of tetrahydrofuran was hydrogenated with pal- 
ladium on Calcium carbonate, In 2 hr 40 minutes 1 molecule of hydrogen was absorbed, the hydrogenation was 
stopped, the solution was filtered, the solvent was distilled off in vacuum, and the residue was crystallized from 
ethyl acetate, After the third crystallization 0.8 g of ketal (III) was obtained with m, p, 144-146°, giving no de- 


pression in melting point with a known sample, 


Reduction of ketal (XI) by the Birch method, When the synthesis was carried out with a fivefold excess of 
lithium, 0.2 g of lithium was added to a solution (cooled to —40°) of 1 g of ketal (XI) in a mixture of 30 ml of di- 
oxane, 50 ml of ether, and 150 ml of ammonia, and the mixture was stirred for 2 hr, The reaction mixture was 
decomposed with 5 g of dry ammonium chloride, the ammonia was removed, 200 ml of water was added, and ex- 
traction was carried out with chloroform, The extract was treated with carbon dioxide, washed with water, eva- 
porated in vacuum, and after crystallization from ethyl acetate 0.4 g of ketal (III) was isolated with m, p, 135-138°, 
which after recrystallization melted at 142-143° and gave no depression in melting point with a known sample. 


When the synthesis was carried out with a 35-fold excedd of lithium in the presence of alcohol, 1.4 g of lith- 
ium was added to a solution (cooled to —40°) of 1 g of ketal (XI) in a mixture of 30 ml of dioxane, 50 ml of ether, 
and 150 ml of ammonia, and the mixture was stirred for 10 minutes, during which the solution darkened and a bronze- 
colored precipitated formed, Then 50 ml of absolute alcohol was added dropwise until the solution was decolorized, 
all the ammonia was removed by blowing dry nitrogen through,the mixture was decomposed (at —5°) with 270 ml of 
water and extracted with chloroform, The extract was washed with water, the solvent was distilled off, and the resi- 
due was crystallized from ethyl acetate. Yield 0.55 g of ketal (XII) with m, p, 109-114°, A second crystallization 
raised the melting point to 111-114°; d max (in alcohol) 306 mp; log € 1.88; IR spectrum (in CHCl): 1669, 1696 em”, 
Found: C 76,9, 76.7; H 8.75, 8.5%. CogHg903. Calculated; C 77,15; H 8.8%, 


Hydrolysis of ketal (XII). To a solution of 140 mg of ketal (XII) with m, p, 109-114° in 2 ml of acetic acid 
was added 0,75 ml of 1 N HCl, the solution was heated to boiling, cooled, poured into 50 ml of water, and extracted 
with chloroform, The extract was washed with sodium carbonate solution and with water, the solvent was distilled 
off, and the residue was crystallized from ethyl acetate, Yield 70 mg (60%) of 19-nor-D-homoandrosta-4,8-dien- 
3, 17a-dione ( XIII) with m.p. 159-160°; \ pax (in alcohol). 235 mp; log€ 4,30, Found: C 80,3, 80,2; H 8,8, 8.55%. 
CooHgg02. Calculated: C 80,5; H 8.8%, 


pe 


SUMMARY 


1, By the reduction of 3-methoxy-D-homoestra-1,3,5(10),8-tetraen-17a-one (III) with lithium and alcohol 
in liquid ammonia with subsequent hydrolysis, 19-nor-D-homoandrost-4-en-3,17a~dione (V) was obtained, A similar 
reduction of the ethylene ketal of 3-methoxy-D-homoestra-1,3,5(10),8,14-pentaen-17a-one (I) with a large excess 


of lithium led to 19-nor-D-homoandrosta-4,8-dien-3,17a-dione (XIII), Reduction of the ketal of (I) in the absence 
of alcohol gave ketal (III). 


2, In acid medium 3-methoxy-D-homoestra-1,3,5(10),8-tetraen-17a-one (II) and its ketal (III) were partially 


dehydrogenated to the methyl ether of trans-D-homoequilenin (VII) or its ketal (VI); at the same time products were 
formed with a double bond in a different position than in ketone (I). 


3. Under the conditions of demethylation 3-methoxy-D-homoestra-1,3,5(10),8,14-pentaen-17a-one (I) and 
,5(10),9-tetraen-14,17a-dione (X) formed trans-D-homoequilenin (IX), Thus, 
starting from 6-methoxytetralone the synthesis of trans-D-homoequilenin was carried out in a total of three steps, 
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SYNTHESIS OF THE 2-ETHYLENEKETAL OF ANTI-TRANS- 
DODECAH YDROPHENANTHRENETRIONE-2,5,8 
K. K. Pivnitskii and I. V. Torgov | 
Institute of the Chemistry of Natural Compounds, Academy of Sciences of the USSR 
Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, 
No, 6, pp. 1080-1087, June, 1961 
Original article submitted July 18, 1960 
One of the best-known methods of synthesizing steroids with an oxygenous function at Cy is Sarett's synthesis 
[1]. In this synthesis of 2-ethyleneketal of anti- trans-12 8-methyl-4"°-dodecahydrophenanthrenol-58 -dione- 2,8 
(I) serves as the key compound, obtained from 1-methyl-2-ethoxybutadiene-1,4 and benzoquinone by the following 
series of reactions [2]: 
oO Oy 
Hy LIAIH, 
HO HO HO 
H,0 a CH,=CHCOCH, CH, 
HC @ OH OH oy OH” 
C,H;O fe) fe) 
HO HO 
(CH,OH), CH, Oppenheier CH, 
> OH No 
Ht oxidation re) Bx 
(I) 
Furthermore, starting from this tricyclic ketol, Sarett synthesized cortisone and its isomers, while Wettstein 
and other Swiss and Dutch chemists have prepared aldosterone [3]. 
During the intensive study of the physiological properties of 19-norsteroids, great interest has been shown in 
-_ preparation of the 12-noranalog of ketol I (II) and the corresponding diketone (III) and their use in synthesis of 19- 
norcortisone, 19-noraldosterone and other steroids 
So 
ce) 
a In the present work, synthesis is described of the 2-ethyleneketal of anti-trans-A!°-dodecahy drophenanthrenetri- 
one-2,5,8 (III), starting from available benzoquinone and dehydroresorcine, 3-Vinyl-4* -cyclohexenone (IV) is readily 
prepared from the latter[4], and by reacting with 2-methyl-2-ethyldioxolane-1,3 [5] gave the ethyleneketal of 3- 
vinyl-A° -cyclohexenone (V), 
| 999 


Similar double bond migration in ketalization of a, 8-unsaturated ketones {s the general rule in the A*-3- 


ketosterold series [2, 6-8]. The structure of ketal (V) as a derivative of dienone (IV) with a transferred double bond 
was inferred from further conversions of it, 


Diene ketal (V), unlike initial dienone (IV) [9], readily undergoes diene synthesis with p-benzoquinone, giving 
a good yield of adduct (VI) 


H. Oy 
3 
oO | Xo 
(Vv) 


(vin 


Syn-cis-configuration for adduct (VI) follows, as in the case of the adduct of A!-vinylcyclohexene with quinone 
also [10], from Alder’s rules for diene synthesis[11], The position of the ketal grouping, determining the structure of 
ketal (V), was proved in the following manner, On reducing adduct (VI) with lithium alumohydride [12, 13], unsatu- 
rated diol (VII) was obtained (evidently a mixture of epimers at C; and Cgwas formed), Diol (VII) was readily de- 


hydrated by phosphorus oxychloride in pyridine into ethyleneketal (VIII), which, without purification, by treatment 
with p-toluenesultonic acid was converted into tricyclic ketone (IX). 


(Vulr 


8) 
(1x) 


The position of the double bond in ketone (IX) was inferred from the absence of an absorption maximum in 
the u.v.-spectrum in the region 240 muy. 


Dehydrogenation of ketone (IX) with sulfur at 200° [14] led to 2-hydroxyphenanthrene, identical to the product 
obtained by counter synthesis consisting of sulfonation of phenanthrene and subsequent fusing with alkali [15]. The 
methyl ethers of the hydroxyphenanthrenes also appeared identical, Adduct (VI) is quite stable, but is readily aro- 
matized to hydroquinone (XI) on treatment with aqueous alkali in dioxan and partially even on brief boiling in meth- 
anol, Boiling the adduct for half an hour in 1% pyridine solution in methanol also leads to complete aromatization, 
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Hydrogenation of adduct (VI) both over specially treated Raney nickel [16] and over palladium on strontium 
carbonate (in presence of triethylamine) leads to dihydro adduct ( XII), to which {s assigned the initial syn-cis-con- 
figuration, since the mild hydrogenation conditions exclude the possibility of isomerization [16], The latter takes 
place on chromatography of syn-cis-dihydro adduct (XII) on alkaline aluminum oxide, isomer (III) thus formed po- 
ssessing of necessity an anti-trans-configuration, this being thermodynamically more favorable for the diketododeca- 
hydrophenanthrene system [10], This isomerization also proceeds with low yield on boiling dihydro adduct (XII) in 
1% pyridine solution in methanol, Acid hydrolysis of ketal (XII) proceeds in a complex manner, giving a mixture 
of products, from which in low yield was isolated triketone (XIII) of undetermined configuration, 


EXPERIMENTAL 


Melting points were determined in molybdenum glass capillaries rinsed with acid, In each case, drying of 
solutions was carried out with anhydrous magnesium sulfate, and evaporation — in vacuo, Ultraviolet spectra were 
determined in alcohol, 


Ethyleneketal of 3-vinyl-A*-cyclohexenone (V), 5.59 g of dienone (IV) [b. p. 77.3-79.0° (4 mm); n°°"5pD 
1.5438] [4] and 0.20 g of p-toluenesulfonic acid monohydrate were dissolved in 90 ml of 2-methyl-2-ethyldiox- 
olane-1,3 (b, p. 115°), and 25 ml of distillate distilled from the solution in a current of nitrogen over a period of 
3 hr, excess dioxolane then being removed in vacuo, The red-brown residue was dissolved in ether, the ethereal 
solution washed with soda solution, water, dried and evaporated, 


On distilling the residue, 4,0 g (53%) of ketal (V) was obtained, b, p, 69-71° (0.5 mm); nD 1.5162, The 
analytical sample, obtained from a repeat distillation, took the form of a colorless oil with b, p, 78.0-78.5° (1 mm); 
*D 1,5166, Found: C 72,38, 72.27; H 8,53, 8.51%. CyoHyO2. Calculated: C 72,26; H 8.49%. On ketalizing 
dienone (IV) with ethylene glycol in benzene solution, yield of ketal (V) arhounted to only 12.5%, 


2-Ethyleneketal of syn -cis-A®#°-decahydrophenanthrenetrione-2,5,8 (VI). A suspension of 2,08 g of freshly 
sublimated quinone in a solution of 3.76 g (17% excess) of ketal (IV) in 10 ml of dry ether was stirred continuously 
for 24hr, mixed with the help of a glass-covered magnetic stirrer, then left for a week, The resulting crystals were 
filtered off and washed with a small amount of ether, 4,58 ¢ (87%, calculated on quinone) of adduct (VI) was ob- 
tained with m. p. 168,0-169.7°. A sample with m, p, 165,5-167,0° from a similar experiment after two crystalli- 
zations from a benzene-hexane mixture took the form of light- yellow, wedge-shaped crystals with m.p. 164,8-166.0°; 
Amax 229, 292, 354 mp; loge 4.02; 2,26; 1.82, Found: C 70,04, 70,11; H 6.42, 6.42%, CygHygO4. Calculated: 
C 70.05; H 6.62%, In previous experiments, on crystallizing from methanol in presence of traces of pyridine a poly- 
morphic modification of adduct (VI) was obtained as light-yellow plates with m.p. 154,5-155,0°, Ap ax 231.4; 290 
mp; loge 4.02; 2,26, Found: C 70,13, 70,13; H 6.57, 6.49%, CygHygO,. Calculated: C 70,05; H 6.62%, A mixture 
of the modifications melted at 151,5-153,0°, On hydrogenation, both modifications gave the same product (see be- 
low). Repeated attempts to obtain this modification were unsuccessful, 


2-Ethyleneketal of syn-cis-A®"°-decahydrophenanthrenediol-5,8-one-2 (VII). A solution of 2,74 g of adduct 
(VI) in 50 mil of absolute ether and 70 ml of absolute dioxan were added dropwise to a suspension of 0,50 g of lithium 
alumohydride in 50 ml of absolute ether over a period of 1 hr, After stirring for 5 hr, the mixture was poured into 
50 ml of saturated Seignette salt solution and 100 g of ice, The ethereal layer was separated, the aqueous extracted 
with chloroform; the united organic extracts were washed with saturated table salt solution and after drying, evapor- 
ated, The oily, brown residue was chromatographed on 100 go of aluminum oxide, On washing out with a benzene: 
chloroform (2: 8) mixture and with chloroform, two fractions were obtained (0,7 and 1.39 g, 25 and 50% respectively) 
of isomeric diols (VII) as a white, frothy mass. The i,t.-spectra of both fractions showed no carbonyl group absorp- 
tion band, Found for the first fraction: C 69,27, 69,17; H 7.96, 8.06%; for the second fraction: C 69.40, 69.27; H 
1.97, 1.87%. CygH2204. Calculated: C 69.03; H 1.97% 


Conversion of diol (VII) into 2-hydroxyphenanthrene (X), To prepare 2-ethyleneketal-A*?-!+!8_hexahydro- 
phenanthrenone-2 (VIII), to a solution of 2,11 g of a mixture of diol (VII) fractions in 20 ml of absolute pyridine was 
added after 20 minutes in an atmosphere of dry nitrogen 5,2 ml of freshly distilled phosphorus oxychloride in 10 ml 
of absolute pyridine, maintaining the temperature within the range 17-22°, The mixture was stirred for 5 hr at 20°, 
30 minutes at 80-85°, left for 12 hr and poured into 100 g of ice, The reaction products were extracted with ether 
and benzene, the extract washed twice with water and after drying and evaporation, 1,25 g (68%) of ketal (VII) ob- 
tained as a light-yellow oil, which without purification was subjected to further conversion, To prepare AST AL As _ 
hexahydrophenanthrenone-2 (IX), a solution of 1,17 g of unpurified ketal (VIII) and 0,20 g of p-toluenesulfonic acid 


| 


(IV) (m, p, 165-167° ) in 275 ml of benzene was shaken in an atmosphere of hydrogen in presence of 4 teaspoonfuls 


monohydrate in 50 ml of acetone was left for 12 hr, diluted with 5% soda solution, extracted with ether, the ethereal 
solution washed with water until the aqueous layer was discolored, After drying the solution and evaporation of ether 
1,02 g of a brownish ofl remained, distillation of which resulted in 0.44 g (46%) of ketone (IX) as a light-yellow liquid 
with b, p, 135-155° (1 mm); A max 218.5, 225, 262.5, 267 my; log€é 4,23, 4,18, 3.90, 3.89. To prepare 2-hydroxy- 
phenanthrene (X), a mixture of 370 mg of ketone (IX) and 120 mg of finely ground sulfur was heated for 20 minutes 

at 190-210°; the temperature was raised to 240° over a period of 10 minutes, held at that temperature for 10 minutes, 
then for a further 7 minutes at 250°, Initially, rather vigorous hydrogen sulfide evolution occurred, ceasing toward 

the end, On cooling, the black fused product was dissolved by heating in 10 ml of 10% caustic soda, stirred with 
activated carbon, filtered, and the filtrate acidified with concentrated hydrochloric acid, The precipitate settling 

out was separated and dissolved in alcohol, filtered and precipitated with water, Using boiling water to which had 
been added 10% of alcohol, 78 mg (21%) of 2-hydroxyphenanthrene (X) with m. p, 162,5-164,5° was extracted from 
the precipitate. Successive crystallization from aqueous alcohol, water, and petroleum ether (b, p. 60-75°) increased 
the melting point to 167,4-168.0°, A sample mixed with authentic 2-hydroxyphenanthrene (m, p. 168,0-168,8°) had 
m, p. 167,4-168.0°, and the u.v.-spectra of both samples appeared identical, Methylation of the 2-hydroxyphen- 
anthrene obtained led to the methyl ether, m, p, 96.6-97,0° (from aqueous methanol), A sample mixed with authen- 
tic 2-methoxyphenanthrene (m, p, 97,4-98.0°) melted at 97,0-97,6°, According to the data in literature, 2-hydroxy- 
phenanthrene has m, p, 169°, the methyl ether, m, p, 100-101° [15]. 


2-Ethyleneketal of A®+7°9-hexahydrophenanthrenediol-5, 8-one-2 (XI). a) A suspension of 401 mg of ad- 
duct (VI) in 9 ml of methanol and 0,1 ml of pyridine was boiled in an atmosphere ot nitrogen for 35 minutes, the 


homogeneous solution then evaporated in a stream of nitrogen; traces of pyridine were removed by distillation with 
benzene, 


After crystallization from a mixture of benzene, ethanol, and hexane, the residue gave 321 mg (80%) of 
hydroquinone (XI) with m, p, 197-200° (with decomposition), By additional crystallization from a mixture of ethanol 
and benzene (with decolorization by activated carbon) an analytical sample was obtained as a cream-colored rhom- 
bohedra with m, p, 202,2-203,7°; A, 292 mp; log € 3.55, Found: C 69,79, 70.09; H 6,63, 6.66%. CygHygOQ,. Cal- 


culated: C 70,05; H 6,62%, Sometimes hydroquinone (XI) crystallized as needles having a melting point identical 
to that of the rhombic form and giving no depression with it. 


b) 438 ml of adduct (VI) was boiled for 6 minutes with 17 ml of methanol, the crystals dissolving completely 
toward the end, On cooling, 226,5 mg with m, p. 165,8-167,0° crystallized out, and after partial evaporation — a 
further 45 mg of crystals with m, p. 166-168°, identical with the initial adduct (VI) crystallized out; in all 271.5 mg 


(62%). By evaporating the mother liquor to dryness and recrystallizing from a mixture of acetone, benzene and 


hexane, 69.5 mg (15.9%) of hydroquinone (XI) was obtained as a modification with m.p. 182-183.5° [see the follow- 
ing experiment (c)}, a mixture with the high-melting modification from experiment (a) melted at 194-200.5°, 


c) To a suspension of 413 mg of adduct (VI) in 7 ml of dioxan in an atmosphere of nitrogen with stirring at 
20° were added 3,2 ml of 0,5 N caustic potash and 10 ml of water, The resulting red-brown solution was acidified 
by dropwise addition of dilute hydrochloric acid until it gave a strongly acidic reaction, The color of the solution 
changed to light-yellow, and after dilution with 17 ml of water 332 mg of hydroquinone (XI) with a double m, p. 
of 185,2° and 195,0-196,5° precipitated, By diluting the mother liquor with water a further 8 mg of a substance of 


comparable quality was obtained; total yield 82%, After crystallizing from a mixture of acetone and hexane, hydro- 
quinone (XI) was obtained as small, thick sticks with a double m, p, 181-3° and 197-200.8°; A 
3,59, This modification of hydroquinone (XI) on recrystallization from the same mixture with a seed of the high- 


melting modification was converted into the latter with m, p, 198,8-200.0°; a sample mixed with a sample from 
experiment (a) melted at 198,9-200,8°, 


max 291.5 my; log € 


Diacetate of hydroquinone (XI), A solution of 94 mg of hydroquinone (XI) (m, p, 201,3-203,3°) in 1.4 ml of 
acetic anhydride and 1,4 ml of absolute pyridine was allowed to stand for four days at ~20°, then poured into water 
and extracted with benzene, The benzene extract was washed with saturated sodium bicarbonate solution, water, 
dried and evaporated, 105 mg (85%) of diacetate was obtained as pale crystals, After two recrystallizations from 
a mixture of benzene and petroleum ether (b, p. 60-75°), shining, colorless prisms were obtained with m, p, 170- 
173,5°, Found: C 67.07, 67.15; H 6,24, 6.20%, CypH220g. Calculated: C 67,02; H 6,19%, 


2-Ethyleneketal of syn-cis-A!°-dodecahydrophenanthrenetrione-2,5,8 (XII. a) A solution of 4,22 g of adduct 


of specially treated Raney nickel [16], Raney nickel lixiviated in the usual manner [17] was washed with alcohol, 
absolute alcohol, benzene, ethyl acetate, and kept under the latter for 3 weeks, After 5 minutes 1,11 of a hydrogen 
equivalent was absorbed and hydrogenation then ceased, The catalyst was filtered off through fibrous asbestos, and, 
after evaporation of the filtrate, the residue recrystallized from a mixture ot benzene and petroleum ether (b, p, 60- 
15°), 3,24 g of diketone (XII) was obtained with m, p, 154,0-155,8°, a further 162 mg of (XII) with m, p, 150,0- 
153,5° being obtained from the mother liquor by crystallization from a mixture of benzene and ether; total yield 
3.402 g (80%), An analytical sample was obtained by a repeat crystallization and sublimation at 140-160° (0,5 mm) 
as three-cornered plates with m, p, 155,5-157.0°, Found: C 69,73, 69.76; H 7.22, 7.24%. CygH29Q4. Calculated; 

C 69.54; H 7.30%. Similar hydrogenation of the low-melting modification of adduct (VI) (a sample with m, p, 148.5- 


149,8°) gave 70% of diketone (XII) with m, p, 151,5-155,0°, giving no melting point depression with the sample des- 
cribed above, 


b) On hydrogenating 1,00 g of adduct (VI) in 70 ml of benzene over 0,30 g of 4% Pd/SrCOs, preliminarily 
saturated with hydrogen, in presence of 0,40 ml of triethylamine, after 40 minutes 1,29 of an equivalent of hydrogen 
was absorbed, hydrogenation then slowing down markedly and ceasing, After the usual treatment, 454 mg was ob- 
tained of diketone (XII) with m, p, 152-154° and 158.5 mg with m, p, 150-153°; total yield 60%, A sample of the 
main fraction mixed with a sample of diketone (XII) described above gave no depression, . 


2-Ethyleneketal of anti-trans-A" - dodecahydrophenanthrenetrione-2,5,8 (II). a) A solution of 671 mg of 
diketone (XII) in 50 ml of benzene was absorbed on 50 g of commercial aluminum oxide (an aqueous extract had 
pH 8). After 20 hr storage, by washing out the column with 300 mi of a mixture of benzene and ether (7: 3) 615 mg 
(92%) was obtained (after evaporation) of diketone (III) with m, p, 143.5-147.0°. After sublimation at 125-135° 
(1 mm) 106 mg of diketone gave 102 mg (96%) of white needles with m, p, 149,5-152,0°; in this manner, yield of 
purified diketone (III) amounted to 88%. A sample from a similar experiment, after recrystallization from a mix- 
ture of chloroform and ether, followed by sublimation, had m, p, 154,6-155,1°, A sample mixed with initial diketone 
(XII) melted at 126-140°, Found: C 69,85, 69,66; H 7.38, 7.65%. CygHg9O,. Calculated: C 69,54; H 7.30%. 


b) A solution of 80 mg of diketone (XII) in 1.5 m1 of methanol in presence of 1 drop of pyridine was boiled 
for 30 minutes, then diluted with an equal volume of water, On cooling, 6.5 mg (7.6%) of diketone (III) with m.p. 
147,149° precipitated; a sample mixed with the sample described above melted at 147,5-149,5°, 


At(11)- Dodecahydrophenanthrenetrione-2,5,8 (XIII). A suspension of 326 mg of diketone (XII) in a mixture 
of 8 ml of 30% perchloric acid and 15 ml of tetrahydrofuran was stirred at room temperature for 10 minutes until 
completely dissolved and left for 3 hr 40 minutes, The yellow solution was poured into a mixture of 40 ml of satur- 
ated sodium bicarbonate solution and 100 ml of benzene, The aqueous layer was extracted twice with chloroform, 
the organic layers united, and after drying and evaporation the residue ground with a small amount of ether, Filtra- 
tion gave 170 mg of a rose-colored powder with m, p, 152,0-158,5° (resinifying at 138°); in the filtrate was a red- 
brown oil, After crystallization from a small amount of acetone the solid product gave 56 mg of triketone (XIII) 
with m, p, 172-177°; from the mother liquor by crystallization from a mixture of acetone and ether at —70° a further 
10 mg of triketone (XIII) was obtained with m, p. 169-173°; total yield 24%, By recrystallizing both portions of the 
crystals from benzene 50 mg (18,2%) was obtained with m. p, 183,0-183,5°, For analysis, triketone (XIII) was once 
again recrystallized and sublimed at 145-150° (0.25 mm), Small, white needles with m, p. 183,7-184,7° (with de- 
composition, in a sealed capillary) were obtained; A.,,, 243.5mp; loge 4,13, Found: C 72,34, 72,29; H 6.90, 


6.95%, CyHygO3. Calculated: C 72.39; H 6.94%, Hydrolysis with hydrochloric acid in methanol or with p-toluene- 
sulfonic acid in acetone gave worse results, 


With the aim of increasing yield the crude product obtained by hydrolysis of 442 mg of diketone (XII) in 
the manner described above, was chromatographed on 20 g of alkaline aluminum oxide (17 hr exposure before wash- 
ing out), From the fraction (90 mg) washed out with mixtures of benzene and chloroform from 9:1 to 5: 5, 51 mg 
(13.7%) of a stereoisomer of triketone (XIII) with m, p, 108-112° was obtained by grinding with ether, After recrys- 
tallization from a mixture of benzene and petroleum ether (b, p, 60-75°) and evaporative distillation at 140° (0.25 
mm) a colorless oil was obtained which on grinding with ether crystallized completely, giving white crystals with 
m, p. 112-113°; Aa, 239 my; logé 4,16, Found: C 71.85, 71.86; H 6.99, 6.98%, Cy4HygQ3. Calculated: C 


72,39; H 6.94%, 
SUMMARY 


1, Ketalization of 3-vinyl-A?-cyclohexenone ptoceeds with shifting of the «,8-double bond to the 6,y - 
position and with formation of the ethyleneketal of 3-vinyl-A*-cyclohexenone (V), 


— 


trione-2,5,8 (VI), the structure of which was proved by conversion into 2-hydrox yphenanthrene, 


16, 


dodecahydrophenanthrenetrione -2,5,8 (III) was obtained — a possible intermediate product in 19-norsteroid synthesis, 


2, Diene (V) readily reacts with quinone, giving the 2-ethyleneketal of syn-cis-A®"!°- decahydrophenanthrene- 


3. By successive hydrogenation and isomerization, from ketal (VI) the 2-ethyleneketal and anti-trans-A!0- 
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INVESTIGATIONS INTO THE FIELD OF STEREOCHEMISTRY 
OF CYCLIC COMPOUNDS 

COMMUNICATION 39, SYNTHESIS AND STEREOSPECIFIC CONVERSIONS OF 
MONOESTERS OF CIS-SYN- AND CIS-ANTI-A’-HYDRINDENE-4,5- 
DICARBOXYLIC ACIDS 


F. Kucherov and £, P. Serebry akov 


N, D, Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR 
Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, 
No, 6, pp. 1087-1093, June, 1961 

Original article submitted July 18, 1960 


Continuing the previous work [1], we have investigated stereospecific conversions of the isomeric monoesters 
of cis-syn-A’-hydrindene-4,5-dicarboxylic acid, for the preparation of which the stereoselective method developed 
previously [2] was used, based on the nonequivalence of the spatial character of the ortho-cis-carboxyl groups in the 
cyclic systems. The cis-syn-monoester (I) with an equatorial carbomethoxyl group at Cs and the cis- syn-monoester 
(II) with an axial carbomethoxyl group at C, were prepared as the main reaction products: the first — by boiling cis- 
syn-anhydride (III) in methanol, the second — by partial saponification of cis-syn-diester (IV) with one mole of caustic 
potash in aqueous methanol, The structure and configuration of cis-syn-monoester (I) were verified by the following 
chemical conversions, It appeared that on reacting with dry hydrogen chloride under mild conditions (0-5°) this mono- 
ester is quantitatively converted into previously described cis-syn- y -lactoester (V) with an equatorial carbomethoxyl 
group at Cs, Boiling monoester (I) with sodium methylate in the methanol resulted only in saponification of the carbo- 
methoxyl group, and on acidification of the sodium salt obtained as an intermediate, only cis-syn-y - lactoacid (VI) 
was obtained, which, as was shown previously [1], is formed extremely readily from cis-syn-A’-hydrindene-4,5-di- 


carboxylic acid even in a weakly acid medium, Formation of trans-syn-A’-hydrindene-4,5-dicarboxylic acid (VII), 
theoretically possible in this reaction, was not observed, 
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The structure of monoester (II) follows from its inability to form a lactone, On reacting monoester (II) with 
hydrogen chloride under mild conditions, shift of the double bond to position 8,9 readily takes place, with formation 
of cis-monoester (VIII), The structure of the latter was in turn confirmed by the fact that, on reacting it with sodium 
methylate in methanol, previously described trans-dicarboxylic acid (IX) was obtained from {t. Unlike its Cs-isomer 
monoester (II) is readily isomerized on boiling with sodium methylate, forming known trans-anti-dicarboxylic acid 
(X). All these conversions of monoester (II) fit in well with the structure ascribed to it, It should be noted that dur- 
ing attempt to prepare cis-monoester (VIII) or its Cs-isomer by saponification of the corresponding cis-diester with 
one mole of caustic potash in aqueous methanol, a liquid mixture of both the possible cis-monoesters was obtained 


This points to the conformational instability of cis-acid (XI), as a result of which the two carbomethoxyl groups in 
the corresponding diester are practically equivalent spatially, 


The inability of the carbomethoxyl groups at Cs; in monoester (I) to isomerize with sodium methylate deserves 
special attention, Since there is no basis for ascribing to similar simple cyclic systems the existence of a reverse 
order of stability, it can be proposed that alkaline isomerization of the carbomethoxyl group, notwithstanding its 
equatorial disposition, must proceed with as a result of conversion of this monoester into the isomer with an axial 
carbomethoxyl group, as was observed in the case of its related C)-monoester of cis-syn-A*-octalin-1,2-dicarboxy- 
lic acid [3], The fact that in the case of monoester (I) epimerization at C; does not take place points to the rigidity 
of the A’-hydrindene-4,5-dicarboxylic acid system, this feature distinguishing it markedly from the corresponding 
octalin system, This fact affords additional confirmation of the correctness of the endostructure ascribed to initial 
cis-syn-anhydride (III), If this adduct has an exo-configuration, then cis-anti-A’-hydrindene-4,5-dicarboxylic acid 
(XII) corresponding to it would not form a y -lactoacid, not having been first converted into the other conversion form, 


We achieved synthesis of this cis-anti-A’-hydrindene-4,5-dicarboxylic acid (XII) and its derivatives (the con- 
figuration of which at Cg, is opposite to that in the syn-cis- series), the main purpose being to verify whether confor- 
mational rigidity of the A’-hydrindene system occurred in this series also, Cis-anti-dicarboxylic acid (XII) and its 
anhydride (XIII) were prepared by thermal isomerization of cis-syn-anhydride (III), Similar thermal isomerization 
readily takes place in the case of the similar system — the anhydride of cis-syn-A*-octalin-1,2-dicarboxylic acid 
yield of cis-anti-anhydride exceeding 70% after boiling for 1 hr at 250°[4]. However, preparation of cis-anti- 
anhydride (XIII) is not possible under these conditions, Only on heating cis-syn-anhydride (III) at 280° is it possible 
to prepare cis-anti-anhydride (XIII), with a yield not exceeding 15-20%, saponification of which gives cis-anti- 
acid (XII), In addition, a 2-5% yield was obtained of the anhydride corresponding to cis-acid (XI), vigorous resinifi- 


cation occurring, Attempts to increase yield of products of the cis-anti- series by adding the thermal isomerization 
catalysts quinoline and diethylaniline were unsuccessful, 


co CO CO,H 
So (CH,CO),0 
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The difficulty associated with thermal isomerization of cis-syn-anhydride (III) permits the proposition that it 
possesses energy stability at least equivalent to that of cis-anti-anhydride (XIII). 


The cis-anti-configuration of acid (XII) was proved by the following conversions, By the action of hydrogen 
chloride in acetic acid on acid (XII) the latter was converted into cis-dicarboxylic acid (XI), obtained previously 
in the cis-syn-series, Under the same conditions, the dimethyl ester (XIV) of the cis-anti-acid was converted, with 
subsequent alkaline isomerization, into trans-acid (IX), Finally, alkaline isomerization of diester (XIV) led to known 
trans-anti-dicarboxylic acid (X), also prepared previously in the cis-syn-series, From these conversions it follows 
that the differences between cis-anti-acid (XIII) and the cis-syn-acid stem only from their opposite C, configuration, 
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Starting from the point proved previously [2], that alcoholysis of cis-anhydride ring leads predominantly to 
formation of an equatorial carbomethoxyl group, we ascribed an equatorial orientation to the carbomethoxyl group 


in cis-anti-monoester (XV), which was obtained as the sole product of boiling cis-anti-anhydride (XIII) with meth- 
anol, 
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On boiling this monoester with sodium methylate in methanol, only initial cis-anti-acid (XII) was obtained, 
i.e., instead of isomerization, only saponification of the equatorial carbomethoxyl group took place, 


Thus, by alkaline isomerization both of cis-syn-monoester (I) and cis-anti-monoester (XV), possessing equa- 
torial carbomethoxyl groups, we were unsuccessful in preparing the fourth theoretically possible trans-syn-isomer of 
A'-hydrindene-4,5-dicarboxylic acid, This points to the fact that, unlike the A*-octalin-1,2-dicarboxylic acid sys- 
tem, the A’-hydrindene-4,5-dicarboxylic acid system is not capable of a conversion entailing reversal of configura- 
tion of the substituents, However, such a conclusion needs further checking, since it was made on the assumption 
that the six-membered ring in all A’-hydrindene systems occurs with a half-chair conformation, 


Absence of conversion in the hydrindene series indicates that the dimensions of the ring mainly depend on the 
flexibility of the bicyclic system, This also requires further confirmation, 


EXPERIMENTAL 


Cis-syn-monoester (I), A solution of 7.6 g cis-syn-anhydride (III) in 80 ml of absolute methanol was boiled 
for 6 hr, the methanol distilled off in vacuo, and the crystalline residue washed three times on a filter with absolute 
ether (in 10 ml lots), 4,9 g of cis-syn-monoester (I) was obtained with m. p, 124-128°, Recrystallization of the ester 
gave a pure sample which resinified on melting at 126-128° and finally melted at 131-132°; yield 3.85 g, Found; 
C 64,30, 64.40; H 7.33, 7.10%, mole wt, 221.2 (by titration), CyyHygQ,. Calculated: C 64,26; H 7.20%; mole wt, 
224,25, By concentrating(by evaporation) the original ethereal mother liquor twice, a further 0.95 g of monoester 
(I) was obtained with m, p, 124-125°, 


Cis-syn-monoester (II), To a solution of 1.6 g of caustic potash in 15 ml of water and 30 ml of methanol was 
added 6.3 g of cis-syn-diester (IV), and the mixture boiled for 3,5 hr, The methanol was distilled off in vacuo, the 
aqueous solution extracted with ether and acidified with hydrochloric acid (1:1), The resulting crystalline product 
was filtered off and washed with water, 5,25 g of cis-syn-monoester (II) was obtained with m, p, 122-124°, Re- 
crystallization from ether gave 4,1 g of pure monoester (II) with m, p, 126,5-128°, which gave a marked depression 
when mixed with a sample of monoester (I), Found: C 63,96, 64,08; H 7,19, 7.14%; mole wt, 225.4 (by titration), 


CypHyg04. Calculated: C 64,26; H 7.20%; mole wt, 224,25, From the ethereal extract after evaporation of solvent 
0.5 g of initial cis-syn-diester (IV) was obtained, 
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Cis-syn-y -lactoester (V), Into a solution of 0,40 g of cis-syn-monoester (I) in a mixture of 10 ml of dioxan 
and 10 ml of ether, cooled to 0-5°, was bubbled a stream of dry hydrogen chloride, After 10 minutes the solvents 
were distilled off in vacuo, 0.38 g of crystals was obtained with m. p. 89-92°, Recrystallization from a mixture of 


ether and petroleum ether (1: 2) gave pure cis-syn-y -lactoester (V) with m. p, 98-99°, identical with that described 
previously [1]. 


Attempt at alkaline isomerization of cis-syn-monoester (I), To a solution of 1 g of sodium in 20 ml of ab- 
solute methanol was added 0,9 g of cis-syn-monoester (I), and the resulting mixture boiled for 18 hr, The methanol 
was distilled otf in vacuo, the residue dissolved in 30 ml of water, filtered, boiled for 2 hr, and again filtered with 
carbon, The aqueous solution was concentrated in a porcelain dish on a steam bath, the pasty precipitate of salts 
filtered from alkali, washed with absolute methanol and dissolved in the minimum volume of water, On acidifying 
with hydrochloric acid 0,70 g of crystals was obtained with m, p. 192-193°, After crystallization from water the 
substance had m, p. 196-197° and gave no depression with an authentic sample of cis-syn-y -lactoacid (VI), 


Cis-monoester VIII) and its conversion into trans-dicarboxylic acid (IX), a) Into a solution of 1,9 g of cis- 
syn-monoester (II) in a mixture of 15 ml of dioxan and 15 ml of ether, cooled, to 0-5° was bubbled a stream of dry 
hydrogen chloride, After 10 minutes the solvent was distilled off in vacuo; the liquid residue gradually crystallized, 
Yield of unpurified cis-monoester (VIII) with m, p, 89-92° amounted to 1,85 g, The crystals were purified by re- 
precipitation with water from an acetone solution, 1.35 g of pure cis-monoester (VII) was obtained with m, p. 95- 
96°, Found: C 63,96, 63.97; H 7.31, 7.32%. CypHygO,. Calculated: C 64,26; H 7.20%. The infrared spectrum of 


cis-monoester (VIII), taken in vaseline oil, indicated the presence of a carbomethoxyl group ( v 1742 em‘) and a 
carboxyl group with an intramolecular hydrogen bond (v 1699 cm), 


b) Toa solution of 1,2 g of sodium in 30 ml of absolute methanol was added 1,05 g of cis-monoester (VIII), 
and the mixture boiled for 18 hr, Methanol was distilled off in vacuo, the residue dissolved in 30 ml of water, fil- 
tered, boiled for 2 hr and again filtered, The aqueous solution was concentrated in a porcelain dish on a steam bath, 
the pasty precipitate of salts filtered from alkali, washed with absolute methanol and dissolved in the minimum vol- 
ume of water, On acidification with hydrochloric acid 0,76 g of crystals was obtained with m, p, 155-157°, After 


crystallization from water, pure trans-acid (VIII) was obtained with m, p. 163-164°, giving no depression with an 
authentic sample of (I). 


Trans-anti-dicarboxylic acid (X), To a solution of 0.8 g of sodium in 20 ml of absolute methanol was added 
0.65 g of cis-syn-monoester (II), and the mixture boiled for 18 hr, Methanol was distilled off, in vacuo, and the 
residue treated in the manner described above, After acidification with hydrochloric acid 0.49 g was obtained of 
trans-anti-dicarboxylic acid (X) with m, p, 161-162°, giving no depression with an authentic sample of (I). 


Cis-anti-dicarboxylic acid (XII), A mixture of 4,0 g of cis-syn-anhydride (III) and 0,1 g of pyrogallol was 
heated in an atmosphere of nitrogen at 280 + 3° for 90 minutes, After distillation in vacuo, a light-yellow oil was 
obtained with b, p, 160-162° (2,5 mm) and °D 1.526-1,530, To this product were added 3 ml of water and 3 ml 
of acetone, and the mixture boiled until a transparent solution resulted, after which water was added dropwise every 
5 minutes until addition of water did not cause a further amount of turbidity. Phe solution was boiled for several 
minutes with activated carbon and filtered, On standing for 2-3 days crystals precipitated with m. p, 168-170°, 
After two crystallizations from aqueous acetone 0,80 g was obtained of pure cis-anti-dicarboxylic acid (XII) with 
constant m, p, 187,5-189°, Samples mixed with all the isomeric acids possible in this reaction gave depressions of 
the order of 10-15°, Found; C 62,60, 62,40; H 6.72, 6.53%; mole wt, 213.4 (by titration), CyyH,,O,. Calculated: 

C 62,82; H 6,72%; mole wt, 210, From the mother liquors on concentration was obtained ~0,2 g of crystals with 


m, p. 158-164°, from which by crystallization from water was obtained 70 mg of cis-dicarboxylic acid (XI) with 
m. p. 179-181", 


Cis-anti-anhydride (XIII), A mixture of 0,57 g of cis-anti-acid (XII) and 5 ml of acetic anhydride was heated 
for 1 hr at90 + 1° and allowed to stand at room temperature for 24 hr, After distillation of volatile products in vacuo, 
the solid residue was dissolved in ether and filtered from polymeric impurities, Ether was distilled off and 0.50 g of 
crystals obtained with m, p, 104-107°, After crystallization from an ether-hexane mixture (3:1), 0.42 g was obtained 
of pure cis-anti-anhydride with constant m, p, 113-114°, The infrared spectrum of anhydride (XIII) indicated the 
absence of a conjugated double bond and an anhydride ring, Found; C 68,38, 68.43; H 6,32, 6.17%. CyHyOs3. 


Calculated; C 68,72; H 6.30%, By saponifying anti-cis-anhydride (XIII) in aqueous-acetone solution, initial cis- 
anti-acid (XII) was readily formed, 


_ 


Cis-anti-diester (XIV). A solution of 1.25 g of cis-anti-dicarboxylic acid (XII) in 2 ml of methanol was treated 
withexcess ethereal diazomethane solution and the solvents distilled off. The residue was distilled in vacuo and 1,15 g 
obtained of cis-anti-diester (XIV) with b, p, 147-149° (7.5 mm) and 1°D 1.4940, Found: C 65,30, 65.26; H 7.44, 
7.46%. CygHygO4. Calculated: C 65,51; H 7.61%. 


Conversion of cis-anti-dicarboxylic acid (XII) and its diester (XIV). a) To 0,40 g of cis-anti-acid (XII) was 
added 5 ml of saturated hydrogen chloride solution in glacial acetic acid, and the mixture heated at 70 + 1° for 90 
minutes, Volatile products were distilled off in vacuo, and the solid residue (0.3 g) washed on a filter with a small 
amount of ether, A product was obtained with m, p, 145-155°, containing no halogen, and from which after three 
crystallizations from water was obtained 0.12 g of pure cis-acid (XI) with m, p. 180-182°, identical with an authen- 
tic sample of (I), A sample mixed with the initial acid gave a sharp depression, 


b) To 0,70 g of cis-anti-diester (XIV)‘was added 7 ml of hydogen chloride solution in glacial acetic acid, and 
the mixture heated at 70 + 1° for 90 minutes, Volatile products were distilled off under low vacuum, and to the resi- 
due added a solution of 0.8 g of sodium in 20 mlof absolute methanol, After boiling for 18 hr, methanol was distilled 
off, and the residue treated in a manner described for alkaline {somerization of monoesters (I), (II), and (VIII). After 


acidification, 0.35 g was obtained of crystals with m, p, 145-147°, After two crystallizations from water, 0,17 g was 
obtained of crystals of trans-acid (IX) with m, p. 163-165°, 


c) To a solution of 0.5 g of sodi um in 15 ml of absolute methanol was added 0,30 g of cis-anti-diester (XIV), 
and the mixture boiled for 18 hr, After distillation of methanol and treatment of the residue in the manner described 


above, 0,17 g was obtained of trans-anti-dicarboxylic acid (X) with m, p, 161-163°, identical with an authentic 
sample,* 


Cis-anti-monoester (XV). A solution of 0,45 g of cis-anti-anhydride (XIII) in 15 ml of absolute methanol was 
boiled for 8 hr. The solvent was distilled off in vacuo and a light-yellow, rapidly crystallizing ofl obtained, After 
crystallization from an ether-hexane mixture (2:1), 0.39 g was obtained of cis-anti-monoester (XV) with constant 


m, p. 113-114,5°, Found: C 64,41, 64,39; H 7.06, 6.98%; mole wt, 228.3 (by titration), Cy,H,gQ,. Calculated: C 
64,26; H 7.20%; mole wt, 224,25, 


Attempt at alkaline isomerization of cis-anti-monoester (XV). To a solution of 0.8 g of sodium in 25 ml of 
absolute methanol was added 0,40 g of cis-anti-monoester (XV), and the mixture boiled for 18 hr, Methanol was 
distilled off in vacuo, the residue saponified by boiling with 10 m1 of water, the aqueous solution concentrated on 
a steam bath until a paste of salts formed, which was pressed out and washed with absolute methanol, The saturated 
aqueous salt solution was acidified with hydrochloric acid and 0,26 g obtained of crystals with m, p, 179-181°, After 


crystallization from water, 0,20 g was obtained of pure cis-anti-acid (XII) with m, p, 187-188°, which gave no de- 
pression with an authentic sample. 


SUMMARY 


1, Synthesis was achieved and structure proved for both monoesters of cis-syn-A’-hydrindene-4,5-dicarboxy- 
lic acid, 


2. Cis-anti-A'-hydrindene-4,5-dicarboxylic acid was prepared and {ts configuration proved. Formation of 
cis-anti- anhydride (XII) on thermal isomerization of cis-syn-anhydride (III) takes place with much greater diffi- 
culty than similar conversion in the octalin series, 


3. The results obtained on alkaline isomerization of cis-syn-monoester (I) and cis-anti-monoester (XV) in- 


dicate a greater conformational rigidity for the A’-hydrindene-4,5-dicarboxylic acid system compared with the 
corresponding octalin system, 
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* In other cases, on acidification a hydrate was formed with m, p, 76-78°; it could be dried by dissolving in benzene 
with subsequent azeotropic distillation, 
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The alkenylphenols are of considerable interest as antioxidants, and also as starting products for the preparation 
of elastic materials and insecticides, However a description of their synthesis by the alkenylation of phenols by un~- 
saturated alcohols has thus far been limited to the work of Niederl [1], Chichibabin [2], Losev [3] and co-workers, 
Niederl [1] has reported that he separated 3-methyl-6-isopropenylphenol in good yield from the products of the al- 
kenylation of m-cresol by allyl alcohol in the presence of sulfuric acid in the cold, Later, Losev, Smirnova and 
Ryadneva [3] reported that on alkenylating phenol by allyl alcohol under these conditions they only obtained a tar 
from which they were unable to separate individual constituents by fractional distillation, Chichibabin [2] used phos- 
phoric acid in the alkenyJation of phenol by ally! alcohol, He obtained a substituted phenol to which he ascribed 
the propeny]phenol structure, Losev, Smirnova and Ryadneva [3], who carried out the reaction at 70°, believe that 
they separated out o-isopropenylphenol, with a small admixture of the para isomer, However in the papers of Chichi- 
babin [2] and Losev [3] no evidence is presented to show the structure of the phenols which they prepared, 


We studied the alkenylation of m-cresol by ally] alcohol in the presence of a number of acid catalysts: phos- 
phoric acid, zinc chloride deposited on aluminum oxide, and cationite KU-1 which is a sulfonated phenol-formalde- 
hyde resin activated by hydrochloric acid, In all the experiments with phosphoric acid and zinc chloride deposited 
on aluminum oxide that were carried out at 150 and 175°, allyl-m-cresol was obtained as the ortho- and paraiso- 
mers, The neutral reaction products were 2,6-dimethylcoumaran: 


—CH,CH=CH, 


\ 
+ CH,=CH—CH,OH CHs OH 


“H3PO,, ZnCl, CH, =CH—CH,—4, 
* 
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cH,— } 
On alkenylation of m-cresol by allyl alcohol in the presence of KU-1 at a temperature of 95°, we only obtained 
3-methyl-6-allylphenol, In the neutral fraction of the products of catalysis, besides 2,6-dimethylcoumaran, the allyl 
ether of m-cresol was detected, The structure of the allyl-m-cresols was determined by preparing phenoxy deriva- 
tives of the methyl ethers, and also by the oxidation of the latter to the corresponding methoxyphthalic acids, The 
structure of the radical in allyl-m-cresol was demonstrated by the hydrogenation of 3-methyl-6-allylphenol to 3- 
methyl-6-n-propylphenol, In addition we carried out an independent synthesis of 3-methyl]-6-allylphenol by the 
rearrangement of the allyl ether of m-cresol, As was shown in one of the papers [4], using the allyl ether of phenol 
as an example, this rearrangement is not accompanied by isomerization of the radical, which was detemnined by 


the use of labeled atoms, In order to explain the reaction mechanism, we carried out the alkenylation of the methyl 
ether of m-cresol by allyl alcohol in the presence of phosphoric acid at 75°: 
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In this case the course of the reaction is such that the intermediate formation of an ether is excluded, Inas- 
much as no para isomer is formed during the rearrangement of the ether under the conditions we used, although it 
does occur on the direct alkenyJation of m-cresol, one may assume that the reaction goes simultaneously in two 
directions; by means of C-alkenylation and O-alkenylation, Meanwhile the O-alkenylation product becomes re- 
arranged to the ortho isomer with subsequent cyclization to 2,6-dimethylcoumaran, Favorable to the acceptance 
of such a mechanism is the fact that, on rearrangement of the allyl ether of m-cresol, there is formed, as the prin- 


cipal product of cyclization, a product which is identical with the diethylcoumaran which is separated from the prod- 
ucts of direct alkenylation: 


=CH, 


CH, CH--CH,OH /_ 4™.__CH,—CH =CH, 
CHa 


| 
CH,—CH =CH 


The absence of the para isomer and the presence of a considerable quantity of the allyl ether of m-cresol among the 


products of catalysis in the experiment with KU-1, permits one to assume that direct alkenylation of the nucleus did 
not occur in this case, 


=CH, 


EXPE RIMENTAL 


The original m-cresol boiled at 86-87° (10 mm) and had °°D 1.5390 and d°, 1.0334, Allyl alcohol: b, p. 
95-96° (760 mm); 1.4136 and 0.8578, 


The following were tried as catalysts: zinc chloride (20%) deposited on aluminum oxide, commercial ortho- 
phosphoric acid, sp, gr., 1.74, and cationite KU-1, The alkenylation of m-cresol by allyl alcohol in the presence 
of zinc chloride deposited on aluminum oxide, was carried out in an electrically heated rocking autoclave, The 
reactions in the presence of phosphoric acid and of KU-1 were carried out in a flask equipped with a mechanical 
stirrer, a reflux condenser, a thermometer and a dropping funnel, 


The results of the experiments on alkenylating m-cresol in the presence of these catalysts are shown in Table 1, 


In all the experiments the original reagents were taken in equimolecular ratios, On the completion of each experi- 
ment the products of catalysis were separated from the catalyst and divided into phenolic and neutral fractions by 
treatment with a 10% solution of caustic soda, Table 2 shows the properties of the substances we separated, which 


| 
On OH 
An 
O 
| 
eee 
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were obtained in experiments with the different catalysts, The phenolic fraction of the products of catalysis was a 
mixture of the isomers of allyl-m-cresols, 


TABLE 1, Results of the Experiments on Alkenylating m-Cresol by Allyl Alcohol 


' a otal yield of| Yield of neutral Yield of allyl- 
3 Ikenylation | prods. as % of m-cresols (based 
oF » 3 . |prods, cresol reacted on m-cresol reacted) 
10 |100} 8 | 95,0) 5,7 | 419 | 16,2 13,2 | .2,8 
Same 10 }150} 8 | 93,5 | 22,0 | 62,6 | 16,6] 0,5 | 16,0 | 20,0 | 26,0 
>» » 1 475| 8 | 91,8 | 47,0! 71,6 | 26,6 |Trace! 26,6 | 14,0 | 31,6 
H3PO, 200 | 75] 8 | 94,2 | 45,0} 70,4) 3,8; — | 3,8 | 37,6 | 27,0 
Same 400 | 75] 8 | 91,0 | 27,0| 66,6 | 3,3; — | 3,3] 33,3] 30,0 
100 | 95; 8 | 89,0 | 39,0} 61 | 17 — | 17,0 23,0 | 21,1 
KU-1 20 | 95] 12 | 73,0) 7,5 | 53,5 | 31 20,0 | 11,0 | 22,5) — 


TABLE 2, Properties of Compounds Separated from the Alkenylation of m-Cresol 
by Allyl Alcohol 


Name ° 


1 | 3-Methyl-6-allyl- 106--108 |1,5415 
3 


10199) 45,66 | 87—88 


phenol PO, 5/1 ,5424|1 ,0205] 45,62 | 87—87,5 
KU-1 105—107 |1,5420)1 0202! 45,66 
Il | 3-Methyl-4-allyl- | ZnCl./Al,Os |122—124 |1,5432|4,0212| 45,69 
pheno HsPO, {123-124 0244) 45,69 |112—113 
I 
-1 84—85 |1,5203]0,9582| 45,95) — 
IV | 2,6-Dimethyl- 91,5 45,19) 
‘coufmaran H;PO, 91—92 |1,5279|1,0082| 45,16; — 


KU-1 92—93  |1,5300/1 ,0092) 45,32 


For phenols (I) and (II) (Table 2) the methyl ethers were prepared and had the following properties: a) b, p. 
107-109° (14 mm); 1,5282 and d®°, 0,9724; b) b, p. 115-117° (14 mm); 1,5278 and d?°, 0.9742, By the 
oxidation of the methyl ethers according to the method described by Karavaev, Bashkirov and Kraeva[5], 3-methoxy- 
terephthalic acid was obtained in the first case with m, p. 273-274°; according to the literature it melts at 274° [5]. 
From the oxidation product of the methyl ether of phenol (II), 4-methoxyphthalic acid with m, p. 158-160° was 


separated; the same literature source showed a m, p, of 160° for it [5], Thus, phenol (I) (see Table 2) is o-allyl-m- 
cresol, while phenol (II) is p-allyl-m-cresol, 


Phenoxy derivatives were prepared from both of the allyl cresols, The melting point of the phenoxy derivative 
of 3-methyl-4-allylphenol (II) is 112-113° and corresponds with the value 113° given in the literature [6], The melt- 
ing point of the phenoxy derivative of 3-methyl-6-allylphenol (I) of 87-88° corresponds with the melting point of the 


phenoxy derivative of o-allyl-m-cresol prepared by the alkylation of m-cresol by allyl chloride [6], to which the 
authors, apparently, erroneously ascribe the structure of 3-methyl-2-allylphenol, 


The hydrogenation of 3-methyl-6-allylphenol was carried out in an alcohol solution in the presence of Raney 
nickel at 40-42°, Nine g of 3-methyl-6-n-propylphenol, b, p. 112-113° (12 mm); °D 1.5265 and d?°, 1,0016 was 


obtained from 15 g of 3-methyl-6-allylphenol. For 3-methyl-6-n-propylphenol the literature shows; b, p, 115-117° 
(13 mm); 1,5261 [6]. 


Rearrangement of the allyl ether of m-cresol, The ally) ether of m-cresol was prepared by the method of 
Claisen [7]; its properties were — b, p, 84-85° (10 mm); °D 1.5185 and d?°, 0,9625 and correspond with those shown 
in the literature [8], In order to carry out the rearrangement, 28 g of the allyl ether of m-cresol was mixed with 


50 g of orthophosphoric acid and heated at 75° for eight hours, From this 18 g of 2,6-dimethylcoumaran, b, p, 92- 
93° (10 mm); n°°D 1,5278 and d?°, 1.0084, and 0.5 g of 3-methyl-6-allylphenol, b, p. 105-108° (10 mm); m°D 1.5422, 
The remaining fraction of the sadlhiion of catalysis consisted of a polymerization product and tarry material, 


The alkenylation of 3-methylanisole, 3-Methylanisole was prepared by the Gattermann method [9]; m. p. 175- 
176° (760 mm); Pp 1.5169 and a, 0.9720, Forty g (0.33 M) of 3-methylanisole was mixed with 100 g (1 g mole) 
of orthophosphoric acid; to this mixture, which was warmed to 75°, was gradually added 19 g (0,33 M) of allyl alco- 
hol over the course of two hours, The reaction yielded 6 g of the methyl ether of 3-methyl-6-allylphenol, b, p, 105- 
107° (14 mm); 1°D 1,5269 and d?°, 0.9760, By oxidizing it according to the method described by Karavaev, Bash- 
kirov and Kraeva [5], ¥-ciadhenoeansbidaate acid, m, p. 273-274° was obtained, The neutral fraction of the products 
of catalysis in all cases (see Table 2) was 2,6-dimethylcoumaran, b, p, 91.5° (10 mm); °D 1.5280; q™, 1.0082, The 
properties of this 2,6-dimethylcoumaran correspond with the properties of dimethylcoumaran which cada by 
the rearrangement of the allyl ether of m-cresol. On alkenylating m-cresol by allyl alcohol over KU-1 a fraction 
was obtained — b, p, 84-85° (10 mm); m°D 1.5203; d?°, 0.9582, whose properties were close to those of the product 
we synthesized from the allyl ether of m-cresol (see above), 


SUMMARY 


1, As a result of a study of the alkenylation of m-cresol by allyl alcohol in the presence of acid catalysts — 
phosphoric acid, zinc chloride deposited on aluminum oxide, and cationite KU-1, conditions were found which gave 
a yield of products of alkenylation that reached 47% of the theoretical, 


2, The reaction products are isomeric ally]-m-cresols and 2,6-dimethylcoumaran, 


3. The reaction mechanism of the alkenylation of m-cresol by ally) alcohol was explained, 
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CATALYTIC ALKYLATION OF TETRALIN 


COMMUNICATION 5. ALKYLATION OF TETRALIN BY PRIMARY ALCOHOLS CONTAINING 
AND ABOVE 


N. I, Shuikin, N. A. Pozdnyak, and E, D, Lubuzh 


N, D, Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR 
Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, 
No, 6, pp. 1098-1102, June, 1961 
Original article submitted June 30, 1960 


Recently we showed that the alkylation of tetralin by nonanol-1 takes place in the liquid phase in the presence 
of zinc chloride at 195-200° and at atmospheric pressure [1], Under these conditions the yield of the nonyl-tetralin 
fraction boiling at 190-200° (9 mm) amounts to ~50% calculated on the tetralin and alcohol, and to~ 70% calculated 
on the tetralin that actually reacts, In the present work we studied the alkylation of tetralin by primary alcohols of 


normal structure: heptyl, decyl and dodecyl, The experiments were carried out under the conditions which we had 
previously found to be optimal, 


| + CHs (CH), CH,OH a 
/\4 


The yields of heptyl, decy] and dodecyltetralins amounted to 49,5, 48,3 and 38,5% respectively, calculated 
on the alcohol, and to 49,5, 48,3 and 19,4% calculated on the tetralin used, The yields based on tetralin that actu- 
ally reacted amounted to ~70% in all cases, In the present paper data are presented on the structure of the alkyl- 


tetralins prepared both in the present study, as well as in earlier ones[1, 2], A method of determining the structure 
of alkyltetralins was described by us in a separate article [3]. 


EXPERIMENTAL 


A mixture of tetralin, alcohol and zinc chloride in molar ratios (0,5 M), was heated for five hours at 195°, The 
reaction mixture was freed from zinc chloride, dried over calcium chloride, and distilled through a column with an 
effectiveness of 15 throetical plates, The alkene, tetralin and alkyjtetralin fractions were separated, Results of typical 
exper iments are shown in Table 1, The analysis of the alkene fractions was carried out by the aid of combination dis- 
persion spectra,” The composition of the alkyltetralin fractions was determined by infrared spectroscopy. The infra-- 
red spectra were taken on an IKS-12 spectrophotometer with an NaCl and LiF prism, In order to determine the posi- 
tion of the alkyl group, infrared spectra of the alkyltetralin fractions were taken in the 700-850 cm™ and 1600-2000 
cm™ regions, since it is known that in these regions nonplanar deformation vibrations of the C—H bonds of the aro- 
matic ring and their overtones are observed [4], Spectra in the region of the C—H valence vibrations at 2800-3000 
cm were taken in order to determine the structure of the alkyl group, The intensity of the 2930 and 2960 cm™* 
bands of the corresponding unsymmetrical valence vibrations of the C—H bonds in the CH, and CHg groups were 
studied, It was shown previously [3, 5 ] that the extinction coefficient €» of the 2960 cm™ band increases in proportion 
to the number of CH, groups in alkanes, alkylbenzenes and alkyltetralins (1 CHs group per ~100 units), The extinc- 
tion coefficient € , of the 2930 cm~ band, beginning with the propyl radical, also shows a proportional relationship 

to the number of groups, For the alkyltetralins = 120 [3]. By means of this relationship, the total 


number of CH, groups n, in alkyltetralin can be determined, and thus also the number of CH, groups in the alkyl 
radical, 


From the data shown in Table 1 it is evident that on alkylating tetralin by means of alcohols, the correspond- 
ing fractions of alkenes (I, V and XI) are separated, Analysis by means of combination dispersion spectra showed 
that fraction I, b, p, 90-95°, was a mixture consisting of heptene-1 and heptene-2, principally the trans-isomers, 
*Raman Spectra. 
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The decene fraction V, which boiled within the limits of 35-45° (4,5 mm), consisted of decene-5 (trans-isomer) and 
a small quantity of decene-1, Analysis of fraction XI, b. p. 75-80° (4,5 mm) showed that it consisted of a mixture 
of tetralin and dodecene with a double bond located in the middle of the molecule, Fractions II, VI and X consisted 
basically of tetralin that had not reacted, The decreased index of refraction of fraction X is explained by the pres- 
ence of dodecene, since the latter has a boiling point close to that of tetralin, Infrared spectroscopic analysis and 
comparison of physical properties of the intermediate fraction VII only succeeded in establishing the presence of a 
small quantity of decyl alcohol, Fraction XII corresponds with dodecyl alcohol, characterized by an infrared ab- 
sorption band at 3350 cm™, The yield of the heptyltetralin fraction (IV) amounted to 49.5%; that of the decyltetra- 
lin fractions (VIII and IX) to 48.3% and that of the dodecyltetralin fractions (XIII and XIV) to 38,5% calculated on 
the alcohol used, The yields of alkyltetralins, calculated on the amount of tetralin that reacted, amounted to~ 70%, 
The infrared spectra of the alkyltetralin fractions showed bands at 725, 810, 830, 1610, 1750, 1850, 1885, 2000 em”, 
These bands correspond with the spectrum of 1,2,4-trisubstituted benzene [6] and to the spectrum of 6-ethyltetralin 
[4]. Consequently, the alkyltetralins we prepared had an alkyl group at position 6 in the aromatic ring: 


/\/\_R 
00 


The results of the determination of the number of CH, and CHg groups, according to the method we described pre- 
viously [3], are shown in Table 2, From the data in Table 2 it can be seen that heptyltetralin, obtained on alkylat- 
ing heptene-1 [2] and hepty! alcohol, has identical structure, 


TABLE 1, Results of the Alkylation of Tetralin by Alcohols 


Fraction Pressure |Yield of 2 MR for corresp. alkyltetralins 
n 
inmm  ffraction,g calculated | found 


Alkylation by n-heptanol-1 


90—95 atm 12,1 1,4010 0, 7080 
200—204 » 27,2 0, 9695 
125—145 4 5,0 ~~ 

- 145—150 4 57,0 0, 9233 


Alkylation by n-decyl alcohol 


1,4210 0,7405 
0,9701 
0,8824 
0, 9092 88,75 88 ,43 
0,8972 88,75 87,50 


65—75 | 15360 

75—80 1,4320 
100—120 1,4440 
184—187 1,5060 98,00 98, 86 
187—197 1 98,40 
203—215 


In order to determine the structure of nonyltetralin, which we had prepared previously [1], the fraction boiling 
in the broad range 190-200° (9 mm) was subjected to careful distillation in a vacuum at 3 mm, Two basic fractions 
were obtained; a) b, p. 152-153°; 1,5080; d?°, 0.9048 and b) b, p. 153-155°; 1.5130 and d?%, 0,9100,* 
CygHgp. Calculated MR 84,14, found MR 84,87 and 85,11, These fractions have ten CH, groups and two CHg groups 
(see Table 2); consequently they correspond to alkyltetralins with an iso-structure, 

C C—C 


* 6-Methyloctyltetralin and 6-ethylheptyltetralin have 1.5079 and 1.5110, and d*°, 0.9077 and 0.9112 respec- 
tively [7]. 


= 
I 
Il 
ill 
IV 74,91 74,51 
Vv 35—45 4,5 16,1 
t VI 69—75 4,5 21,0 
| VII 103—158 4,5 5,2 
4 Vill 158—160 4,5 35,5 
IX | 460-171| 4,5 30,0 
Alkylation by n-dodecyl alcohol (molar ratio of tetralin to alcohol, 2:1) 
| XI 
XII 
XII 
XIV 
XV 
| with m.p. 35° 
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IV Heptyltetralin alkylation of 
heptene-1 [2] 
Nonyltetralin Obtained from 
Nonyltetralin alkylation of 
n-nonyl alcohol 
Vill Decyltetralin 
IX Decyltetralin 
XII Dodecyltetralin 


The values found for the molecular refraction of the decyltetralin (Table 1, fr, VIII and IX) and the dodecyltetralin 
fractions (Table 1, fr. XIII and XIV) correspond well with the calculated values, These fractions are apparently iso- 
meric alkyltetralins, This assumption is confirmed by the data from the infrared spectra (see Table 2), Thus, on 


alkylating tetralin by primary alcohols and alkenes-1 under the conditions we used, 6-isoalkyltetralins of the follow- 
ing general formula are formed: 


(CH), 


| 


where nm, may be equal to zero, one or above; nz is the number of methylene groups in the longest part of the alkene 


chain from the double bond; nm, + ng = n is equal to the number of methylene groups in the original alkene molecule 
or in the one that is formed, 


TABLE 2, 


Results of Studies of the Spectra of Alkyltetralins 


n-Heptyltetralin. Calibration 
Heptyltetralin Obtained from 


Fraction No, 


Dodecyltetralin 


The results obtained give reason to assume that the alkylation of tetralin by alcohols proceeds as follows: 


1. (CH,),CH,CH,OH CH, (CH,),CH=CH, 


Furthermore, a partial isomerization of the alkene-1 that is formed may occur: 


2. CHy (CH,),CH (CHy),_,;CH=CHCH, ete, 
is 


* 
4. | | CHs (CH,),CH -CHCH, | | 
V4 VAN 


Other isomeric alkenes alkylate tetralin analogously, 


From the data shown in Table 1 it can be seen that along with alkylation of tetralin by alkenes, a dimeriza- 
tion of the latter occurs with the formation of paraffinic hydrocarbons, apparently due to an oversupply of hydrogen. 
Thus, a hydrocarbon of composition C24Hs», mM. p. 35° was separated from fraction XV, b, p. 203-215° (4.5 mm), In 


= 
XIV 710 | 12,0] 252 | 2.5 
1016 


the remaining fractions the presence of dimers may be assumed on the basis of the somewhat lower values of the in- 
dex of refraction of the corresponding fractions, Thus, in fraction III a hydrocarbon of Cy, composition may be pres- 
ent and in fraction IX, one of C,) composition. 


The combination dispersion spectra were taken by G. K. Gaivoronskaya, to whom the authors express their 
thanks, 


SUMMARY 


1, The possibility of alkylating tetralin by primary alcohols of normal structure and containing Cy, Cy) and 
Cyy in the liquid phase with the formation of 6-alkyltetralins of branched structure was demonstrated, 


2. The yields of isoheptyl-, isodecyl- and isododecyltetralins amount to 49,5, 48.3 and 38,5% respectively, 
based on the original alcohol, and to ~70% of theoretical based on the tetralin that reacts, 
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The preparation of pyrylium salts by the acylation of olefins [1-5] according to the Friedel-Crafts reaction is 
based on the fact that on the monoacylation of an olefin (I) derived from propylene, a 6,y unsaturated ketone (IV) 
exists in the reaction mixture in equilibrium with a 6-haloketone (II) and with ana, 6-unsaturated ketone (III). As 
long as the double bond of (IV) is not linked with a carbonyl group, it may interact with a new acyl-cation and then, 
through the splitting off of water, a pyrylium cation (V) is formed in accordance with the following reactions: 


— R’CH,—CR’—CHR’”’— CO—R |___, R’CH,—CR” =CR’”’—CO—R 
(II) 
—H® 
(IV 


® 
CR’ 


R—CO 
(lv) 


Unlike acylation products (II), (III) and (IV), the pyrillium salts (V), as a rule, are soluble in water and there- 
fore for a long time remained unnoticed; they may be separated either by precipitation from the aqueous solution 
as chlorates, or by indirect conversion to pyridines by means of the reaction with ammonia which proceeds easily. 


The acetylation of diisobutylene has been studied by a number of authors [6-10]; among them Byrns and Dou- 
mani [6-8] noticed that on acetylation by means of acetic anhydride in the presence of zinc chloride, a crystalline 
product is formed which may be separated from the reaction mixture by filtration, and to which the structure of “a 
complex of 1,3-diketone with zinc chloride” was ascribed, The paper does not give any analytical data, but states 


that the “complex" cannot be decomposed into its components, and that as a result of reaction with ammonia the 
"complex" is converted into a nitrogen-containing base, 


These observations lead to the thought that this “complex” is actually a pyrylium salt; therefore the present 


study was undertaken in which the monoacetylation products were not separated, but only the polyacetylation prod- 
ucts, 


Diisobutylene is a mixture of two isomers: 2,2,4-trimethylpentene-4 (VI) 80% and 2,2,4-trimethylpentene-3 
(VII) 20% [11, 12}: 


(HyC);C—CH,—C 
(VI) (VII) 


Previous studies of acetylation were carried out on mixtures[6, 8,10], An exception is the paper [9] in which 
both components, separated from each other by distillation through a column with 200 theoretical plates, were each 
acetylated individually, An unexpected result was the fact that identically the same reaction products were obtained 
from both isomers; a 8,y -unsaturated ketone and two cis-trans sterecisomeric forms of an a, 8 -unsaturated ketone 
in quantities that varied with the catalyst — which included H2SO,, acetylsulfoacetic acid, ZnCl», SnCl, and BF. 
Analysis of the unreacted olefin show that it consisted of an equilibrium mixture of 80% (VI) + 20% (VII). From this 
it follows that in the Friedel-Crafts reaction, under the influence of catalysts, the achievement of a state of equili- 


brium of both isomers of diisobutylene takes place more rapidly than their acetylation, For this reason an equilibrium 
mixture was used in the present study, 


Acetylation in the presence of ZnCl, under the conditions described above [6] does indeed lead to the forma- 
tion of a product which precipitates from the reaction mixture in crystalline form, and from which it may be sepa- 
rated by filtration, washing with ether and recrystallization from acetic acid; it is easily soluble in water, while ana- 
lysis of the elements shows that it corresponds to the formula Cy Hy0° ZnCl, If it is dissolved in water and treated 
with perchloric acid, a chlorate precipitates out which may be recrystallized from water; it corresponds to the formula 
Cy HyOPClo0P. On treatment of the zinc salt or chlorate with ammonia, the base Cy,HjgN is formed which was con- 
verted into the picrate, picrolonate and chloroplatinate corresponding to this formula, Heating the chlorate with a 
solution of caustic alkali yields a phenol, Cy.H,gO, which was converted into a phenylcarbamate and a dibrom deriva- 
tive, These facts are easy to explain if we assume the formation of the pyrylium salt CygHygO°X®, The conversion 
of pyrylium salts into pyridines or phenols is well known[1, 5, 13]. 


Study of the monoacetylation of diisobutylene showed [9, 10] that the monoacetyl derivatives are derivatives 
of isomer (VI), which is predominant in the reaction mixture and possess a more reactive términal double bond, The 
structure of the pyrylium salt may be expressed either by formula (VIII) or (IX). 

CH.—C (CH); CH,—C (CH3)s 
| | 
AS. 


CHs 


(VIII) 
\ 


A choice between these two formulas may be made on the basis of the conversion of this compound into phenol: 
phenol (X), which should be obtained from (VIII), may give a tribrom derivative; while phenols (XI) or (XII), which 
must be obtainable from (IX) may only give dibrom derivatives, As a matter of fact the original phenol gives a di- 
brom derivative, so that it follows from the above scheme that these reactions do indeed occur: 


(VI) + (IX) > (XIand/ or (X11) 

In order to find out whether or not more energetic catalysts would lead to the formation of more symmetrical 
structures (in our case VIII), as was observed in the case of 2-methylbutene-2 [2], the acetylation of diisobutylene 
by acetyl chloride in the presence of aluminum chloride was also studied, This catalyst had not yet been used in 
studies of the acetylation of diisobutylene, The product obtained was found to be identical with (IX) (comparison 
of derivatives of the corresponding pyridines were made), However, unlike the reaction carried out in the presence 


OH 
CHs 
|  C(CHs)s 
| 
3)3 
(XI) 
(VIL) — | ———| +0H®-H,0 CH, 
A\4~. Pe. (CHs)s 
H;C O., CHs 
(IX) | | 
HO CH; 
(XII) 
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of zinc chloride, this reaction still gave two other pyran compounds from isobutylene; 2,4,6-trimethylpyrylium chlor- 
ate as a result of the bisacetylation of isobutylene, and a pyrone derivative CyotyO, with a m, p. of 92°, These com- 


pounds, which are easily prepared by the trisacetylation of isobutylene in the presence of aluminum chloride, will be 
described separately, 


The literature also contains studies on the acetylation of triisobutylene (14, 15], Triisobutylene is a mixture 
of four isomers: (XIII) 54%;(XIV) 36%;(XV) + (XVI) 10% [11, 12, 16, 17): 


MeyC—CH --CMe—CH,—CMe, 


(XIII) (XIV) 
=~CMe—CH,—CMe,—CH,—CMe; Me,C=CH—CMe,—CH.—CMe, 
(XV) (XVI) 


The most resistant of these to oxidation by permanganate is (XIII) and in this way it may be separated from 
the other isomers, Acetylation of the mixture (XIII) — (XVI) [14, 15] and the isomer (XIII) [15] (according to Kondakov) 


by means of acetic anhydride in the presence of zinc chloride, was studied, and the unsaturated ketone (XVII) was 
identified, 


Study of the bisacetylation of tiisobutylene by acetic anhydride in the presence of zinc chloride showed that 
the same pyrylium salt is formed with an anion of ZnCl,? as is formed from diisobutylene, Acetylation by means 
of acetyl chloride in the presence of aluminum chloride gave the same pyran reaction products as did diisobutylene, 
The fact that the bisacetylation of triisobutylene as such does not yield the pyrylium salt is not something unexpected 


since the introduction of a second acetyl group into the unsaturated ketone (XVII) [speaking more accurately, the 
8 ,y -unsaturated ketone (XVIII) ] meetsconsiderable spatial difficulties, 


(MesC—CH,), C =CH—CO—CHs =. MesC—CH=C (CH,—CMe;) — CH,—CO—CH; 
(XVII) (XVIII) 


It should be noted that in the presence of ZnCl,, diisobutylene forms a pyrylium salt which does not undergo 
depolymerization, while triisobutylene gives the same pyryiium salt with partial depolymerization, In the presence 


of AlCl, di- and triisobutylene, as a result of deep depolymerization to isobutylene, give identically the same pyran 
compounds which are derivatives of mono- and diisobutylene. 


EXPERIMENTAL 


Acetylation of Diisobutylene in the Presence of Zinc Chloride 


2,4,6- Trimethyl-3-tert, butylpyrylium chlorozincate (IX). At 0° and in the absence of moisture, 102 g (1 M) 
of acetic anhydride is added to 110 g (0.8 M) of anhydrous zinc chloride. Then, with cooling and stirring, 56 g 
(0.5 M) of diisobutylene b, p, 100-105° is slowly added drop by drop, The mixture is stirred at room temperature 
for four hours and allowed to stand overnight, The next day the reaction mixture contains crystals, One hundred ml 
of ether is added, the solution filtered off, and the precipitate washed with ether, Thirty-two g of a colorless prod- 
uct, easily soluble in water, is obtained, The aqueous solution is yellowish because of partial hydrolysis; the solu- 


tion is colorless in 5% hydrochloric acid, After recrystallization from acetic acid the m, p. is 219°, Found: C 41,48; 
H 5.60%. C 41.06; H 5.46%. 


The chlorate is prepared by treatment with a cold solution of chlorozincate in a 5% hydrochloric acid solution 
of perchloric acid. An oil separates which crystallizes when touched with a glass rod; after recrystallization from 
water the m, p. is 105°, Found; C 51,53; H 6.73%. CyHO°CIOP. calculated: C 51.71; H 6.87%, 


2,4,6-Trimethyl-3-tert, butylpyridine is prepared by the treatment of the chlorozincate or chlorate by aqueous 
ammonia; the mixture is extracted with ether, the solution dried over caustic soda, and distilled in vacuo, b. p. 136° 


(60 mm), 1°D 1,4909; d?®, 0.8957; MR 57.23 found, MR 57,18 (calculated from bond increments), MR 57,96 (cal- 
culated from atomic increments), 


Picrate, m, p. 146-147° (from ethyl alcohol), Found: C 53,01, N 5,51, N 13.61%. CygHe2N,0, . Calculated: 
C 53.20, H 5.45, N 13.79%. 


Picrolonate, m, p, 208° (from ethyl alcohol), Found: N 15.78%. Calculated: N 15.87%, 


Chloroplatinate, m, p. (with decomposition) 241° (from 10% hydrochloric acid), Found: C 37,96, H 5,53, N 
4.10%, Cy HygN H2PtCl, Calculated: Cc 37.70, H 5.27, N 3.66%. 


The conversion of pyrylium chlorate (IX) to phenol takes place with a 36% yield by the addition of the chlor- 
ate to a boiling aqueous solution of caustic soda (four equivalents), Phenol is only slightly soluble in casutic soda, 
After cooling, the solution is extracted with ether which is then distilled off, and the remainder is left in the cold 
until crystallization occurs, On recrystallization from ether, the product melts at 42°, Found: C 80,65, H 10,13%. 
Calculated: C 80.85, H 10.18%, 


Phenylurethan, m, p. 82° (from 50% ethyl alcohol), Found: C 77,10, H 7,95, N 5.48%. CygH2sNO,-Calculated: 
C 76,76, H 7.74, N 4.91%. 


On bromination in chloroform or in carbon tetrachloride, the phenol takes up two moles of bromine and a liquid 
dibrom derivative is formed, Consequently the phenol corresponds to (XI) or (XII) or to a mixture of both, 


The Acetylation of Triisobutylene in the Presence of Zinc Chloride 


This was carried out as in the case of diisobutylene, Seventeen g of triisobutylene (b. p, 70-180°), four equiva- 
lents of acetic anhydride and two equivalents of zinc chloride are used, The next day the clear green solution is 
poured into ice water and hydrochloric acid, the unsaturated Ketone is extracted with ether, andthe aqueous solution 
is allowed to stand in the cold, After two days crystals of the chlorozincate appear, which, after recrystallization 
from a mixture of ethyl alcohol and ether or acetic acid, melt at 218°, A mixed melting point with the chlorozinc- 
ate obtained from diisobutylene showed no depression, Analysis: C 41,58, H 5.32%, 


The Acetylation of Diisobutylene in the Presence of Aluminum Chloride 


Eighty g (0.6 M) of anhydrous aluminum chloride, with stirring and cooling, is added to 117 g (1.5 M) of 
acetyl chloride; then, also with stirring and cooling, 33 g (0.3 M) of diisobutylene is slowly added drop by drop. 
Stirring is continued for two hours at room temperature, and the mixture allowed to stand overnight, Then it is 
hydrolyzed with 350 g of ice and 30 ml of concentrated hydrochloric acid; the mixture is extracted with ether and 
the aqueous solution is treated with 60 ml of 60% perchloric acid, Oily drops separate out which partially crystallize 
on standing at 0° for one or two hours, The product is filtered off and 4 g of 2,4,6-trimethylpyrylium chlorate are 
obtained and washed with a small quantity of water; m. p, 245° (from water), The identity of this product was de- 
termined by the absence of depression in a mixed melting point test with the known product, and also by conversion 


to symmetrical collidine, the picrate of which melts at 158° and shows no depression in a mixed melting point test 
with a known sample [1]. 


Ether is added to the filtrate and an upper layer of the oily chlorate forms which is treated in the cold with 
aqueous ammonia, The aluminum hydroxide is filtered off and carefully washed with ether; then the ether layer 
is dried over caustic soda and distilled in vacuo, A 6,5 g fraction boiling at 130-160° at 60 mm and corresponding 
to 2,4,6-trimethyl-3-tert, butylpyridine is obtained; mixed m. p, tests of the picrates and chloroplatinates show no 
depression, The material remaining in the flask crystallizes on cooling (2.5 g), The product may be purified by 
steam distillation and distillation in vacuo, or by recrystallization from petroleum ether, or from 60% alcohol; m, p. 
92°; it is a pyrone compound Cy9Hy,02 which may be converted into: the picrate, m, p, 134°; picrolonate, m. p. 155°; 
chloroplatinate, m, p. 182° (with decomposition); bromohydrate, m. p. 205°; chloroferrate, m. p. 138°; with ammonia. 
in a sealed tube it may be converted to pyridone C,9H,3NO (chloroplatinate, m. p, 202°; picrate, m. p. 101-102°; 
picrolonate, m, p, 222°), On boiling with an aqueous solution of caustic soda, 30% of sym. m-xylenol and 60% of 
the ketophenol C,)Hj,O2, b. p. 207° at 40 mm are formed (2,4-dinitrophenylhydrazone, m. p. 160°; phenylcarbamate, 
m, p. 70°), which gives Cy9HyoBrgO2, m. p. 136°, on treatment with bromine, The reaction of pyrone with hypobromite 
gives the bromopyrone Cy)HyBrO2, m. p. 103° (picrolonate, m, p. 122°), 


This pyrone compound, which is also obtained in satisfactory yield from acetyl chloride, tert, butyl chloride 
and aluminum chloride, will be described in a subsequent paper, On the basis of the data given, and also from the 


ultraviolet and infrared spectra and the nuclear magnetic resonance spectra, it appears probable that this compound 
has the structure of a vinylog of dimethylpyrone, 


The Acetylation of Triisobutylene in the Presence of Aluminum Chloride 


This is carried out as in the case of diisobutylene, Eighty ml of acetyl chloride, 50 g of aluminum chloride 
and 37 g of triisobutylene were used, This was worked up in similar fashion, and yielded 3 g of 2,4,6-trimethyl- 
pyrylium chlorate, 5 g of 2,4,6-trimethyl-3-tert.butylpyridine (the identity of which was established by mixed melt- 
ing points of the picrates and chloroplatinates) and 2 g of a pyrone compound CypHyO>. 


salt, 


SUMMARY 


1, The "complex with ZnCl,"', previously obtained on the acetylation of diisobutylene, is actually a pyrylium 


2, This pyrylium salt was converted into the corresponding pyridine and phenol, From the data obtained on 


brominating this phenol, it follows that the structure of the pyrylium salt corresponds to (IX), f.e., that it is 2,4,6- 
trimethyl -3-tertbutylpyrylium. 


3. Acetylation of diisobutylene in the presence of AlCl, yields, along with (IX), trimethylpyrylium formed 


by the bisacetylation of isobutylene, the pyrone compound Cy9Hy,0, formed by the trisacetylation of the same 


presence of AlCl, the same three products are formed as in the case of diisobutylene and AIClg. 


monomeric olefin, 


4, The acetylation of triisobutylene in the presence of ZnCl, also gives the pyrylium salt (IX), while in the 
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TAUTOMERISM OF NITRO COMPOUNDS 
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We have shown previously that in a strong acid solution the rate of isomerization of the aci form of phenyl- 
nitromethane to the nitro form is determined by the degree of dissociation of the nitro form [1]. The dissociation 
rate of the aci form was comparatively small: k = 4,14°10°5 liters-M™*+sec*, This rate is much lower than the 
dissociation rate of other oxygen acids (see, for example [2, 3]). The only way in which aciphenylnitromethane 
differs from other acids, is the presence of a double bond at the atom that carries the hydroxyl group. This fact, 
apparently, is expressed in the rate of dissociation and recombination, since the dissociation constant of this acid 
has a normal value: pK, = 3.9. In order to make a complete investigation of this process, we studied the depend- 
ence of the rate of isomerization of aciphenylnitromethane to phenylnitromethane at various temperatures, both at 
low values of pH, where the isomerization rate is determined by the dissociation of the aci form by the action of 
water, and in the pH 4,7-6 region, where the isomerization rate is determined by the recombination of an anion 
with the formation of the nitro form of phenylnitromethane, All experiments were carried out at a constant ion 
strength of the solutions: y = 0.2, Constancy of the ion strength was obtained by the addition of KCl. 


The measurements and the processing of the results were carried out in accordance with methods described 
previously [1]. Figure 1 shows the dependence of the logarithm of the first order rate constant on the pH of the solu- 
tion, As can be seen from Fig, 1, at a given — rature, the curves show that the relationship is practically con- 


stant, Figure 2 shows the dependence of log KH20 on 1/T, which makes it possible to calculate the activation energy 
of the dissociation of aciphenylnitromethane by the action of water as a base: 


C,H;CH =NOOH + H,O + H,0*, 
E kt of this process has a value of 17,400cal/M, The Arrhenius equation for this reaction has the form 


17400 
RT 


H,O0 
Rab =2, 5-10°-e 


The magnitude of the preexponential factor is considerably less than the theoretical which indicates that the steric 
factor is of great importance in this reaction, This apparently explains the low dissociation rate of aciphenylnitro- 
methane, Examination of a hemispheric model of aciphenylnitromethane shows the absence of free rotation between 
a carbon atom of the benzene ring and an atom of carbon carrying a nitro group. Moreover, the coplanarity of the 


benzene ring and the C=N bond cannot be achieved without a considerable change in the angles which may also 
be expressed in the steric factor of the reaction, 


We studied the recombination of an anion with the formation of the undissociated nitro form of phenylnitro- 
methane in acetate buffered solutions, The individual rates kteOrand Ko alana were determined by special 


experiments only at 25°(1), At the remaining temperatures, the ve. ae of recombination was the sum of the 
two rates: 


k= [HOt] [CHyCOOH] 


| 


In order to determine individual partial rates, we modified the equation as follows; 


[Hs0*] 


Having plotted the dependence of k{ HgO*} on [CH;COOH)/ (H,0*), we determined the partial constants for the remain- 
ing temperatures, Because of the wide scattering of the points, however, it was impossible to determine the values 
of these constants with sufficient precision; therefore in Fig, 3 and 4 in constructing the curves for finding the activa- 
tion energy, the limits of the errors in calculating these constants were plotted, In the figures the average arithmetic 
values are indicated by small circles, The activation energies obtained from these curves are not very precise; how- 
ever they make it possible to evaluate the preexponential factor, which is close to the theoretical, 


The Arrhenius equation for the process 


HNO, + + CgH;CH,NO, + H,O 
has the form 


and for the process 


C.H;C” HNO, + CH,;COOH ~ C,H;CH,NO, + CH;COO™ 
it has the form 


19500 
non = 10*7¢ 


Fig. 1. Dependence of the logarithm of the constant of the 
rate of isomerization of the aci form of phenylnitromethane 
to the nitro form (sec™) on pH. 1) 15°; 2) 25°; 3) 35°; 4) 45°, 


For a trustworthy calculation of the partial rate constants of the reactions [1] it is also necessary to examine 
the influence of ion strength on the rate of these processes, A special study showed that increasing the ion strength 
of the solutions to p = 1 (and even to 3,7 for the dissociation of the aci form) has very little effect on the rate of 

the reactions, The influence of ion strength on the rate constant of the reaction is described by the equation [4] 


(1) 


where a, for aqueous solutions, has the value 1,02 Z, Zp; Za and Zp are the charges on the reacting particles, We 
found that for the dissociation of aciphenylnitromethane at pH 1, « =—0,04, and at pH 2,2,a =+0,1, Small values 
of « for this process are explained by the fact that one of the reacting particles is an unchanged molecule, i.e., Z 

(or Zp) is equal to 0, in consequence of which a is also close to 0 and log k = log ky = constant, For the recombination 
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Fig. 2, Dependence of the logarithm of 
the rate constant of dissociation of the 
aci form (liters. M + sec”) on the recip- 
rocal of the temperature. 


Q0030 0003! 00032 00033 00034 00035 1 
T 


Fig. 4. Dependence of the logarithm of 
the rate constant of recombination of the 
nitro form by the action of CH;COOH 
(liters -M-sec™) on the reciprocal of 
the temperature, 
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Fig. 3. Dependence of the logarithm 
of the rate constant of recombination 
of the nitro form by the action of H,O* 
(liters. M *sec™) on the reciprocal of 
the temperature, 


reaction of phenylnitromethane at pH 5 in a buffer solution 
consisting of NaHgPO, + KCl + HCl, & = +0,3, In this case 
both reacting particles have a negative charge CgsHsC™ HNO, + 
+ H,POQ,” CgHsCH,NO, + HPO” and therefore a>0, In 
accordance with Eq, (1), © must have a value of +1; how- 
ever it should be born in mind that this equation is valid 

for very small ion strengths and with increasing salt con- 


centration the influence of the ion strength decreases [4]. 


SUMMARY 


1, The comparatively small dissociation rate of 
aciphenylnitromethane is explained by a significant steric 
factor, The recombination of phenylnitromethane proceeds 
normally, 


2, The ion strength of the solutions has very little 
influence on the rate of the processes studied, 
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The introduction of a lactam ring into the structure of organic compounds significantly increases their value 
in a number of cases, The ability to form complexes, affinity for dyestuffs, hydrophilic character, solubility, etc., 
are all improved, These properties are of great interest not only for commercial products, but also for pharmaceutical 
materials [1-5], Previously a reaction was proposed that would make it possible to use the carboxyl group of these 
compounds for the introduction of a lactam ring into their structure, The active reagent was N-( 6 -hydroxyethyl)- 
pyrrolidone, Esters containing the pyrrolidone ring were prepared by the esterification of this alcohol by monobasic 


fatty acids or by their chlorides, An interesting property of these esters is their ability to dissolve not only in organic 
solvents, but also in water [6]. 


| 
CH,CH.OH CH,CH,OCOR 


In the present study a method of introducing the lactam ring into the structure of compounds containing a hy- 
droxyl group was worked out, The reaction of alcohols or of alcoholic solutions of alcoholates with N-(a-chloro- 
alkyl)- and N-(8-chloroalkyl)lactams was studied for this purpose, 


CO— (CH), N—CH,Cl CO — (CH,), N—CH,CH,CI 


At the same time the problem arose of explaining the activity of the halogen atom in N-(chloroalkyl)lactams 
depending on its position relative to the lactam ring, and to compare the properties of the halogen atom in these 
compounds with the properties of halogen in some oxygen-containing analogs (a -chloro- and 8 -chloroalkyl esters), 
As a representative of the N-(a-chloroalkyl)lactams we used N-(chloromethy])lactams which were synthesized and 
described previously [4, 5], The reaction of N-(chloromethyl)lactams with alcohols and alcoholates has not been 


described in the literature, A similar reaction that is known is that of N-(a -chloroethyl)phthalimide, which has a 
structure closely similar to the one under study [7]. 


WV Ag de 


The high activity of the halogen atom in N-(chloromethyl)lactams, observed in the case of the reaction with 
water and causing these compounds to approach «-chloroalkyl esters [8], gave foundation for supposing that the re- 
action of N-chloroalkyllactams with alcohols and alcoholates would proceed extremely energetically, As a matter 
of fact, on simply mixing N-(chloromethyl)pyrrolidone and N-(chloromethyl)caprolactam with an alcohol solution 
of alcoholate, the exchange of an atom of chlorine for an alkoxy radical, is accompanied by strong evolution of heat. 


RONa + ROH 
CO—(CH,),—N—CH,Cl_ ——————> CO(CH,.),N—CH,OR + NaCl 


In order to complete the process, the reaction mixture is heated for 0,5-1 hr at a temperature of 40-60°, Study of 
the influence of the ratio of the components on the yield of the reaction products showed that a fourfold excess of 
alcohol in relation to chloromethyllactam is entirely satisfactory. The use of a smaller quantity of alcohol makes 

it difficult to prepare the alcoholate. This reaction makes it possible to synthesize the previously unknown N-(alkoxy- 
methyl)lactam series in 60% yield, In the case of N-(chloromethyl)pyrrolidone and butyl alcohol it was shown that 
the exchange of a halogen atom by an alkoxy group takes place in these compounds even in the absence of alcohol- 
ates, i,e,, by reaction with pure alcohols, In this case, however, the yield of reaction products is somewhat reduced, 


The N-(alkoxymethyl)lactams produced are colorless liquids, Like esters that contain a lactam ring as a sub- 
stituent [6], these esters are easily soluble not only in organic solvents, but also in water, According to their chemi- 
cal properties they appear to be nitrogenous analogs of formal, and similar to the alkoxyethylidenelactams in structure 


CH3CH(OR) — N— 


They easily split into lactams, alcohol and aldehyde on treatment with dilute acids [9] 


| HOH 
CO(CH,),, N—CH,OR CO(CH,),NH + CH,O +-ROH 


Thus, a halogen atom or an alkoxy group, located in an &~-position to the lactam ring, has a high degree of mobility. 
It was also of interest to investigate the influence of the lactam ring on the properties of an atom of halogen located 
in the 8-position, As an example of this, the reaction of N-(8-chloroethyl)pyrrolidone with an alcohol solution of 
alcoholate was studied, The reaction of N-(8-chloroethyl)pyrrolidone with sodium alcoholate has been described in 
the literature, But it still remained unclear whether the authors used an alcoholic solution of alcoholate [10] or an 


alcohol-free alcoholate, In this case the detachment of hydrogen chloride with the formation of vinylpyrrolidone 
was observed [10]. 


| 
CH=CH, 


We repeated this reaction under the conditions we had used for o -(chloromethyl)lactams, i.e., with an alcoholate 


in the presence of a fourfold excess of alcohol (methyl or butyl), Under these conditions at a temperature of 30-35° 
it appeared that the reaction product was vinylpyrrolidone, 


Consequently, in the reaction of N-( 8 -chloroethyl)pyrrolidone with alcoholic solutions of alcoholate, detach- 
ment of hydrogen chloride occurs, and not the substitution of a halogen atom by an alkoxy group, In this respect 
N-(8-chloroethyl)pyrrolidone occurs only with great difficulty. The N-(8 -alkoxyethyl)pyrrolidones which were of 
interest to us were synthesized by the reaction of the alcoholate of N-(8-hydroxyethyl)pyrrolidone with halogen alkyls 


RBr 


| | | 
CH,CH,OH CH,CH,ONa CH,CH,OR 
R= C3Hs; 


Thus our study showed the peculiar influence of the lactam ring on the properties of atoms and groups joined 
to it — the reactivity of halogen atoms and alkoxy groups located in the o-position to the lactam ring is increased, 
This influence of the lactam ring is analogous to the action both of ether and of carboxyl and carbonyl groups, In 
case a halogen atom is located in the 8-position to the lactam ring, its ability to exchange becomes more difficult, 
and the tendency toward detachment as HCI is facilitated, In this case the character of the influence of the lactam 
ring differs from the influence of an ether group, and corresponds with the action of carboxyl or carbonyl groups. 


EXPERIMENTAL 


Methylollactams and N-(chloromethyl)lactams were prepared according to the method described in [5], The 
present paper specifies more precisely the method of purifying methylollactams since the method previously proposed 
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which involves the reprecipitation of the methylol derivative from benzene solution by means of ether, is extremely 
laborious because of the low solubility of methylollactams in benzene, In the majority of cases it was found that it 
was sufficient to wash the methylollactams three times with dioxane and then three times with diethyl ether, followed 
by drying in vacuum desiccator over calcium chloride. In cases where purification appears inadequate and the prod- 
uct remains moist, it may be subjected to further purification by one of the following methods; 1) washing with a hot 
solution of acetone, with subsequent precipitation by means of petroleum ether; 2) boiling the N-methylollactams 


with petroleum ether in an apparatus with a Dean and Stark fitting, as a result of which moisture is removed from the 
raw product, On cooling the solution, the substance crystallizes out, 


The reaction of N-(chloromethyl)- & -pyrrolidone with sodium methylate, 6,67 g of N-(chloromethyl)-a - 
pytrolidone was added drop by drop to an alcoholic solution of sodium methylate prepared from 14.6 g of methyl 
alcohol and 1,15 g of metallic sodium, Immediately a white precipitate came down and the temperature rose from 
21 to 57°, On completion of the addition of the chloride, stirring was continued for 20-25 minutes, The precipitate 
was filtered off (weight 2,65 g) and washed with dry diethyl ether, The extracts obtained were combined with the 
original filtrate, After distilling off the solvents, a yellowish viscous liquid remained in the flask which, on frac- 
tionation yielded N-(methoxymethyl)-o -pyrrolidone (I), b, p. 74-77° (3 mm), weight 3.25 g, yield 64.5%. No less 
than four fractionations were essential for complete purification of the product, The syntheses of N-(ethoxymethyl)- 


pytrolidone (II), N-(butoxymethyl)pyrrolidone (III) and N-(butoxymethyl)caprolactam (IV) were carried out by this 
method, The properties of the substances prepared are shown in the table, 


Synthesis of N-(alkoxymethy])lactams 


Cam | | | MR Found,% Calculated, % 
calcu- 
| found | jated c N H N 


1 | 64,5 | 1,4618| 1,088 | 32,55 33,30 |55,75| 8,68] 10,45|55,79, 8,50] 10,7 
55,68) 8,52] 10,59 
| 58,6 | 14,4583] 41,0502] 37,15 | 37,91 158,73] 9,30] 9,85/58,71 19,15] 9,79 


9,92 
II | 58,63] 1,4598| 1,0104| 46,29 47,15 |62,74]10,10| 8,18 


| 8,51 ! 
1V | 59,2 | 1,4702} 1,0007] 56,02 56,39 |65,80) 10,28] 7,21) 66,30 | 10,0 7,03 
65,85] 10,38} 7,25 


The reaction of N-(chloromethyl)pyrrolidone with butyl alcohol (in the absence of alcoholate), 25.9 g of 
butyl alcohol was_ placed in a three necked flask with a stirrer and 9,8 g of N-(chloromethyl)pyrrolidone was added 
through a dropping funnel, The reaction was slightly exothermic and the temperature increased from 24 to 32°, The 
reaction mixture was heated on a water bath at 50-55° for two hours, and simultaneously a stream of nitrogen was 
blown through in order to remove hydrogen chloride, The HCl was passed through a Tishchenko flask filled with 
water, The HCl content of the flask was determined by titration (32%), After distilling off the butyl alcohol N- 
(butoxymethyl)pyrrolidone was obtained; b, p, 75-76° (0.9 mm); 1.4574; 1.0043; MR 46,16; yield 41.5%. 


The hydrolysis of N-(butoxymethyl)caprolactam, 4,5 g of N-(butoxymethyl)-€ -caprolactam and 30 ml of 
2% H2SO, were placed in a three-necked flask and the mixture heated to 70-75° while passing a current of nitrogen 
through it, The gas given off was collected in Tishchenko flasks filled with water, By means of titration the pres- 
ence of 2% of formaldehyde was determined, The reaction mixture was neutralized with BaCO,, The filtrate was 
separated from the precipitate and distilled, From the first fraction, b. p, 116,2°, after salting out with potash, 1,3 g 


of butyl alcohol, n°°D 1.3996, were obtained, The product remaining in the distillation flask was € -caprolactam, 
m, Pp. 63-64,5°, 


The reaction of N-(8 -chloroethyl)- & -pyrrolidone with an alcoholic solution of sodium methylate, 5.6 g of 
N-( 8 -chloroethyl)- &-pyrrolidone was added drop by drop to sodium methylate prepared from 9,7 g of methanol 
and 0,87 g of metallic sodium, With the addition of the first drops of chloride to the reaction mixture, a white 
precipitate of NaCl was observed, After the addition of all the chloride, the reaction mixture was heated to 45-48° 
with stircing for 25-30 minutes, The precipitate was filtered off and washed with diethy! ether, and the filtrate 
treated as in the preparation of N-(butoxymethyl)-c -pyrrolidone in the absence of alcoholate, After fractionation, 
2.7 g of vinylpyrrolidone, b, p, 61,5-62° (1 mm), 1°D 1,5124, were obtained, By titration with fodoform, the vinyl- 
pyrrolidone content of the reaction mixture was found to be 85%, Spectroscopic analysis (UV spectra) confirmed the 
presence of N-vinylpyrrolidone since ~100% content of vinylpyrrolidone was found in the reaction mixture. 
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The reaction of N-(8 -chloroethyl)pyrrolidone with an alcoholic solution of sodium butylate, 5,9 g of N-(6- 
chloroethyl)pytrolidone was added drop by drop to sodium butylate prepared from 23.7 g of butyl alcohol and 0,92 g 
of metallic sodium and heated to 35°; a precipitate was observed to fall, The addition of N-(8 -chloroethyl)pyrrolid- 
one was carried out in the course of 30 minutes at a temperature of 33-37°, After the addition of all the chloride, 
heating and stirring were continued for another 25-30 minutes, The products were worked up just as in the preceding 
experiment, After removing the benzene and distilling (using an oil pump) 7.0 g of N-vinylpyrrolidone were obtained 
which, after double redistillation, had p. 65-67° (1.5 mm), °D 1,5125, 


The reaction of butyl bromide with the alcoholate of N-(8 -hydroxyethyl)pytrolidone, 10,25 g of butyl bromide 
was slowly added through a dropping funnel to the alcoholate which was prepared from 1,72 g of Na and 21 g of 
N-(8 -hydroxethyl)pyrrolidone, This was heated for 2-2,5 hours at 100-102° and the formation of a precipitate was 
noted, The precipitate was filtered off and extracted with dioxane, The filtrate, combined with the extract, was 
distilled in vacuo, 24,9 g of N-(6-butoxyethyl)pyrrolidone were obtained; b, p, 68-81° (3+ 10% mm), n°°D 1.4640, 
After supplementary purification it showed: b, p, 76-78° (1 mm), f°D 1.4644, Found: C 63,28, H 10,62, N 7.38%, 
CypHygNO2. Calculated C 63,38, H 10,35, N 7.68%. 


The reaction of ethyl bromide with the alcoliolate of N-( 6 -hydroxyethyl)pyrrolidione, Under the conditions 
of the previous experiment, 8,2 g of ethyl bromide was added to alcoholate prepared from 1.72 g of metallic sodium 
and 15.5 g of N-(6-hydroxyethyl)pyrrolidone, The precipitate was filtered off, washed with dioxane, and the filtrate 
distilled in vacuo, 6,2 g of N-(8 -ethoxyethyl)pyrrolidone was obtained; b, p, 95-109° (1 mm), f°D 1.4638, yield 
52%, After redistilling three times the b, p, was 99-100° (1 mm), °D 1.4644; a 1.0388, Found: C 59,98, 59.85; 
H 9,52, 9.45; N 9,32, 9.24%; MR 41.78, CgHjsNO, .Calculated: C 61,12, H 9,61, N 9.54%; MR 41,54, 


SUMMARY 


1, The reaction of N-chloromethyllactams with alcohols was studied, N-(alkoxymethyl)pyrrolidones and 
N-(aikoxymethyl)caprolactams were synthesized, The compounds synthesized were easily hydrolyzed by dilute acid, 


2, In the reaction of N-( 6 -chloroethyl)pyrrolidone and an alcoholic solution of alcoholate, in distinction 
from acid analogs and also from o-chloroalkyllactams, detachment of HC1 occurs instead of the substitution of an 
atom of chlorine by an alkoxy group. 


3, N-(8-alkoxyethyl)pyrrolidones were synthesized by the reaction of alkyl bromides with the alcoholate of 
N-(8 -hydroxyethy])pyrrolidone, 
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In accordance with present concepts, copolymerization of monomers proceeds in such a way that the more 
active monomer enters the copolymer with relatively greater velocity than the less active monomer, The behavior 
of monomers on copolymerization, however, is not determined by their activity alone; many monomers have a tend- 
ency toward alternation [1], The alternation effect is related to the polarity of the monomers and the interacting 
radical [2], Substituents of ethylene, by giving up or attracted electrons of the C=C bond to a greater or lesser de- 
gree, may play a role either as electron donors or as electron acceptors, Depending on the properties of the substitu- 
ent, the double bond of the monomer may be either more “positive” or more “negative,” The greater the difference 
in polarity or in electron donor-acceptor properties between two monomers, the greater is their tendency toward al- 
ternation [2], Therefore in the copolymerization of methyl methacrylate with vinylalkyl ethers, the alternation 
effect must be considerable since the alkoxy group of the vinyl ethers is an electron donor and the double bond will 


be "negative," while the double bond of methyl methacrylate is considered “positive,” i,e., the two monomers have 
a structure which should permit alternation, 


CH,=C(CH,)COOCH, and CH,=CHOR 


The tendency toward alternation of these monomers is confirmed by the product of their constants of copoly- 
merization % +r, = 1.6* 0 * 0[3], In case the alternationeffect is complete, the relationship between yields, 
composition and concentration of the original monomers may be shown graphically (Fig, 1), i.e., with increasing 
concentration of the vinyl ether in the reaction medium, the composition of the copolymer remains constant (50 
mole %); yields increase, reaching a maximum with an equimolecular ratio of the original monomers, and then de- 
crease, However the experiment did not confirm whether or not a relationship of the following order exists between 
yields, composition and concentration of the monomers, With increasing concentration of the vinyl ethers in the re- 
action medium, the yields of copolymers decrease and the number of vinyl ether molecules in them increases [4], 
The alternation effect is reduced because of the concentration and activity of the acrylates which have a conjugated 
double bond, Our studies showed that owing to an increase in the concentration of vinyl ether in the reaction medium, 
it is possible to exclude the effect of the activity of the acrylates and consider only the effect of alternation [5]. In 
connection with this the opposite thought occurred: owing to the increase in concentration of the active acrylate, to 
exclude the alternation effect during copolymerization, and to investigate the possibility of growth only of the poly- 
meric chain of the active acrylate, In order to verify this supposition, the copolymerization reaction was carried out 
in the presence of an excess of methyl methacrylate (75 mole %) and 25 mole % of vinylbutyl ether, When the re- 
action was stopped after eight hours, and after fractionating the polymers formed, not only was the copolymer of 


methyl methacrylate and vinylbutyl ether obtained, but also the polymer of methyl methacrylate, The yields and 
composition of the fractions are shown in Table 1, 


Fraction I is a polymer of methyl methacrylate, thus confirming the possibility of the appearance of the alter- 
nation effect at some stage of the copolymerization reaction, It should be noted that on continuing the reaction for 
40 hr, it was not possible to obtain the polymer [5]. Thus, at the beginning of the process the influence of the con- 
centration of the methyl methacrylate in the reaction medium is significant; when the concentration of the second 
component, vinylbutyl ether, increases, the alternation effect is observed and the monomer of vinylbutyl ether 


combines with a radical of the polymeric chain of methyl methacrylate, In order to find the rate of consumption 


of the monomers, experiments were undertaken to determine the rate of formation of the polymeric chain in rela- 
tion to time and concentration of the original monomers, For this purpose 75 mole % of methyl methacrylate and 


25 00 %o 


Fig. 1. The influence of the concen- 
tration of monomers on the yield and 
composition of copolymers: A) yields 
of copolymers in percent; Mg) initial 
concentration of the monomer in mole 
%; Mz) number of molecules chains 
of vinyl ether in the copolymer in 
mole %, 


Hours 


Fig, 2, Reaction rate of the copoly- 
merization of methyl methacrylate 
and vinylbutyl ether, m2) quantity 
of vinylbutyl ether chains in the co- 
polymer in mole %; ©) 75 mole % 
of vinylbutyl ether and 25 mole % 
of methyl methacrylate; @) 75 
mole % of methyl methacrylate 

and 25 mole% of vinylbutyl ether, 


25 mole % of vinylbutyl ether and, conversely, 25 mole % of methyl meth- 
acrylate and 75 mole % of vinylbutyl ether were copolymerized, Tests 
were taken every hour, The yields and composition of the polymeriza- 
tion products were determined, The influence of reaction time on the 
content of chains of vinyl ethers in the copolymer is shown in Fig, 2, 


From Fig, 2 it is evident that during the first hour in the presence 
of an excess of methyl methacrylate, only its own polymer was formed, 
and then, as the concentration of the vinyl ether increased, alternation 
of the monomeric chains set in and the copolymer was formed, If the 
reaction is allowed to proceed in the presence of an excess of a less active 
vinylbutyl ether, the tendency of the monomers toward alternation begins 
to appear from the beginning of growth of the polymeric chain, Thus, 
the formation of a polymer of methyl methacrylate in the presence of an 
excess of its monomer in the reaction medium was confirmed, and the 
influence of the concentration of the original monomers on the alterna- 
tion effect during copolymerization was shown, 


EXPERIMENTAL 


The original substances had the following properties: methyl ester 
of methacrylic acid, b, p, 100°, n°D 1.4160; d”°, 0.936; vinyl n-butyl 
ether, b, p. 93,7-93,8°, 1.4026; d?%, 0.7782, The copolymerization 
reaction was carried out in ampoules at a temperature of 60+ 1°, The 
quantity of initiator (benzene peroxide) used was 0.2% of the total weight 
of the original monomers, The length of the experiments was determined 
by the reaction conditions, After stopping the copolymerization reaction 
the ampoules were cvoled by a mixture of acetone and solid carbon di- 
oxide, The way in which the copolymers were processed depended upon 
the purpose of each experiment, 


Fractionation of copolymers, After heating methyl methacrylate 
(75 mole %) and vinylbutyl ether (25 mole %)for eight hours, the ampoules 
were opened, acetone was added and the polymeric product reprecipitated 
several times by means of methanol until the reaction for a double bond 
was negative, The polymeric product was transferred to a flask, and . 
dried to constant weight at 20° at 1 mm; 10 g of this polymer was dis- 
solved in 250 ml of acetone; fractionation of the polymer was done by 
means of methanol. The first fraction was separated after the addition 
of 250 ml of methanol to a solution of it, The copolymer was removed 
from the solution, and further fractionation was carried out by the addition 
of 100 ml portions of methanol, The last fraction was dried to constant 


weight at 20-25° and analyzed for its carbon and hydrogen content, The relative viscosity of acetone solutions of 
the copolymers was also determined, The first fraction was subsequently refractionated to separate the polymer of 
methyl methacrylate, Experimental dataare shown in Table 1, 


Rate of copolymerization, A study of the rate of copolymerization of methyl methacrylate and vinylbutyl ether 
in the presence of benzene peroxide was carried out in two concentrations of the original monomers: a) methyl meth- 
acrylate 75 and 25 mole %; b) vinylbutyl ether 75 and 25 mole %. 75 mole % of methyl methacrylate and 25 mole % 
of vinylbutyl ether were placed in sealed ampoules, The conditions for copolymerization were described above, The 
ampoules were removed from the thermostate every hour, Then the contents of the ampoule were cooled, transferred 
to a flask, and treated with petroleum ether until the monomer was completely removed, The separated polymeric 


products were analyzed, Experimental data are shown in Table 2, 
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TABLE 1, Composition and Yields of Fractions of Copolymers of Vinylbutyl Ether (I) and 


Methyl Methacrylate (II) 


Molecular composition C found n (rel) 
Fraction Yield, % of the copolymers, % jin copolym 

First subfraction 9,0 —_— 100 59,8 — 
Second subfraction 31,4 Fe 98,3 60,16 3,66 
II 17,9 2,65 97,35 60,32 2,96 

Ill 10,4 2,29 97,75 60,27 2,4 
IV 1,8 9,17 90,83 61,10 2,05 
Vv 13,8 8,44 91,66 61,10 4,97 

VI 3,9 14,0 86,0 61 , 68 — 
Vil 11,6 17,6 82,4 62,44 1,56 


TABLE 2, Rate of Copolymerization of 75 mole % of Methyl Methacrylate 
(I) and 25 mole % of Vinylbutyl Ether (II) in the Presence of Benzene Per- 
oxide 


Molecular composition 
of copolymer, % 


Length of re- | Yield, |% C found 


action, min %o 


1 (rel) 


60 1,0 59,66 400 2,024 
120 4,98 60,83 * 93,0 3,0 2,415 
180 8,47 61,0 91,7 we 2,243 
240 8,88 61,17 90,25 ~ 9,75 2,139 


TABLE 3, Rate of Copolymerization of 25 mole % of Methyl Methacrylate 
(I) and 75 mole % of Vinylbutyl Ether (II) in the Presence of Benzene Per- 
oxide 


Molecular composition 


Length of re- of copolymer, % 


action, min 


60 0,22 60,65 94,58 5,42 - 
120 0,46 60,89 92,58 7,42 _ 
180 2,25 61,84 84,7 15,3 1,792 
240 2,70 62,50 79,1 20,9 1,726 


Copolymerization of aimixture of 25 mole % of methyl methacrylate and 75 mole % of vinylbutyl ether was 
carried out under the same conditions, Experimental data are shown in Table 3, 


SUMMARY 


The concentration of the original monomers inthe reaction medium influences the alteranation effect during 
the ¢opolymerization of vinyl ethers with acrylates, A concentration of the active monomer may be chosen such 
that the polymer of methyl methacrylate will be formed at the beginning, 
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The preparation of dienes by the selective catalytic hydrogenation of the more available vinylacetylene com- 
pounds is of considerable interest, The selective reduction of vinylacetylene hydrocarbons and alcohols, especially 
dimethylvinylethynylcarbinol, has attracted the greatest attention from investigators, Zonis [1] assumed that, in the 
presence of palladium precipitated on starch or barium carbonate, dimethylvinylethynylcarbinol would be selectively 
hydrogenated to the diene alcohol 5-methylhexadiene-1,3-ol-5, The product obtained had b, p, 50-51° (12 mm); 
°D 1.45668; d?°, 0.85805, and in the presence of platinum black absorbed two moles of hydrogen, Nazarov and 
Fisher [2] showed that, on hydrogenation in the presence of palladium on calcium carbonate under the same condi- 
tions, after the absorption of one mole of hydrogen, there is formed not a diene alcohol, but a complex mixture con- 
sisting of the original dimethylvinylethynylcarbinol ( ~30%), a diene alcohol ( ~40%) and ethylene alcohols (~ 30%), 
The structure of these alcohols was established by ozonization, Thus, the reaction does not proceed selectively: the 
diene alcohol formed is hydrogenated simultaneously with the dimethylvinylethynylcarbinol 


CHa 


CH, 


CH 


3 


con CH=CH—CH=CH 
CH, 


CHa, 
PCOH—CH;—CH =CH—CHs 


3 


Similar results were obtained by Bal'yan [3] in the presence of colloidal palladium, The content of unreacted carbi- 
nol in the products of catalysis was determined by the quantity of vinylacetylene separated out by the action of 


metallic sodium. An effort to increase the selective action of the palladium catalyst by the addition of p-thiocyano- 
chlorobenzene or p-thiocyanoaniline was not effective, 


A mixture of ethylene alcohols was formed by the combination of two moles of hydrogen in the presence of a 
nickel catalyst [2], 


CH; 
COH—CH,—CH;—CH=CH, 


3 


CH; 


CH, 


A complex mixture was obtained from the reaction with one mole of hydrogen, the composition of which was not 
studied, The electrolytic reduction of dimethylvinylethynylcarbinol also yields a complex mixture of products con- 
taining not less than 30-40% of diene alcohol [4]. Bates, Jones and Whiting [5] reduced dimethylvinylethynylcarbi- 
nol with lithium aluminum hydride in ether and stated that they obtained diene alcohol with a yield of 88%, We 
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noticed that the constants of the dimethyldivinylcarbinol obtained in this study [b, p. 55° (12 mm), r°D 1.4758] were 
very close to those of the original carbinol, and so we repeated this reaction under the same conditions, It was found 
that the reduction product absorbed about three moles of hydrogen, and the lines 2233, 2214, 2117, 2108 cm™ which 


are characteristic of the - C=C—-C=C-— system, were found in its infrared spectrum, In this case, apparently, the 
carbinol is not reduced at all, 


Nazarov and Fisher stated that they had succeeded in accomplishing the selective reduction of dimethylvinyi- 
ethynylcarbinol to 5-methyl-1,3-hexadiene-5 [b. p. 42-43° (9 mm), °D 1.4693, d?°, 0.8517] by the use of zinc- 
copper vapor and water[2], Unlike dimethylvinylethynylcarbinol, the alcohol obtained slowly polymerized on stand- 
ing, and benzene peroxide did not accelerate this process even on heating, On exhaustive hydrogenation this alcohol 
absorbed two moles of hydrogen, It is interesting to note that it was not possible to prepare an acetate with diene 


structure by the reduction of the acetate of dimethylvinylethynylcarbinol by the aid of copperized zinc dust and water, 
but that heptadiene was formed instead [6]. 


The present investigation was concerned with the possibility of preparing diene alcohol by the partial hydro- 


genation of this carbinol using a nickel catalyst poisoned by pyridine and a zinc catalyst which had shown selective 
action in the hydrogenation of enyne hydrocarbons to dienes [7]. 


EXPERIMENTAL 


The hydrogenation over nickel was carried out in a rotating autoclave (volume 0,5 liters) with the absorption 
of one, two or three moles of hydrogen, while the experiments at atmospheric pressure were carried out in a flask. 
Freshly vacuum-distilled dimethylvinylethynylcarbinol, b. p, 53-54° (9 mm) and °D 1.4778 was used, The nickel 
catalyst was prepared by alkalizing finely pulverized 50% Ni—Al alloy (1:1) by means of a 20% solution of NaOH 
for two hours at 100°, The zinc catalyst was prepared by treating a (1:1) Zn: Al alloy with 3% NaOH at 75°, After 
alkalization the catalyst was washed with distilled water until it showed a neutral reaction with phenolphthalein, 
The reaction was carried out in a solution of methyl] alcohol, After absorption of the required volume of hydrogen, 
the rotation of the autoclave was stopped, the excess hydrogen removed, the reaction products filtered off from the 
catalyst and the latter washed with methyl alcohol. The methanol solution was combined with the products of cata- 
lysis and distilled, After removal of the methanol, fractions were selected and their constants determined, 


At the present time there are no methods for the quantitative determination of dimethylvinylethynylcarbinol 
and its hydrogenation products, Therefore in order to get some orientation on the character of the fractions obtained, 
their carbinol content was determined by the quantity of vinylacetylene given off by the action of metallic sodium 
[3]. Preliminary experiments showed that it is possible to detect approximately 80% of the vinylacetylene (and not 
90-92%, as reported in[3]), The vinylacetylene was determined by gas-liquid chromatography, and the results ob- 
tained coincided with those obtained by absorption of vinylacetylene in an alkaline solution of K,Hgl,. The curves 
showing the kinetics of hydrogenation of these fractions were compared with that of the hydrogenation of the original 
carbinol. A study of the rate of hydrogenation of dimethylvinylethynylcarbinol and of the fractions obtained was 
carried out over a nickel catalyst in a solution of methanol or ethanol (96%) at 25° and with 700 oscillations of the 
flask per minute. Readings of the volume of hydrogen used were taken every 30 seconds, The resulting curves 
show a dependence of the rate of reaction (AV /At) on the volume of hydrogen absorbed (£V/2). 


The hydrogenation of dimethylvinylethynylcarbinol in the presence of a nickel catalyst, Table 1 shows the 
conditions and results of the experiments on the hydrogenation of dimethylvinylethynylcarbinol over a nickel catalyst 


at atmospheric pressure and under pressure, The constants of the product obtained from the absorption of three moles 
of hydrogen correspond with those of 2-methylhexanol-2 (CH3)»,COH—-CH,—CH,—CH2—CH, [8]. 


Figure 1 shows the curves for exhaustive hydrogenation over nickel in methyl alcohol (curve 1) or ethyl alcohol 
(curve 2) at 25°, These curves have two characteristic portions, In portion I approximately two moles of hydrogen 
are absorbed, One may assume that basically what occurs in this portion is the hydrogenation of a triple and a con- 
jugated double bond, and in portion II — hydrogenation of the ethylene alcohol which has been formed. This is con- 
firmed by the fact that after two moles of hydrogen have been absorbed, ethylene alcohol is formed, If we start 
with the data of [2], the constants of the product (Table 1) are found to be close to the constants of a mixture of 
isomeric ethylene alcohols (I) — (III), while according to the data of [9], they correspond with the properties of alco- 
hol (I), In Fig, 1, curve 3 shows the hydrogenation of this product, As can be seen, the shape of the curve corres- 
ponds with the shape of the curve for the hydrogenation of the original carbinol in portion (I1)after the point of in- 
flexion (Fig, 1, curve 2), In the following experiments the addition of one mole of hydrogen to dimethylvinylethynyl- 
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Fig. 1. Hydrogenation of dimethylvinylethynylcarbinol 
(curves 1-2) and dimethylbutenylcarbinol (curve 3) over 
a nickel catalyst at 25°, 1) 0.2574 g in 10 ml CH,OH; 

2) 0.2402 in 10 ml of C,H;OH; 3) 0,7134 g in 10 ml of 
C2HsOH, 


TABLE 1, Hydrogenation of Dimethylvinylethynylcarbinol Over a Nickel Catalyst at 25° with the 
Absorption of Two or Three Moles of Hydrogen 


Addition of hydrogen 


two moles three moles 


Experimental conditions 
Quantity of dimethyl- 


' vinylethynylcarbinol, ml 10 50 10 50 
Wt, of catalyst, g 2 5 2 5 
Solvent, ml CH,OH, 50 CHgOH, 50 CH,OH, 50 CH,OH, 50 
{piperidine { pyridine 
Pressure, atm - 84 82 
Properties of product 
obtained 
Boiling point, °C (in mm) |140,9-141,3 (740) | 141-142 (740) | 137-138 (750) | 136-138 (745) 
Np (t) 1.4198 (19°) 1,4200 (19,3°)| 1.4367 (19.5°) | 1.4362 (19,8°) 
0.8139 0.8153 0.8349 0.8392 


carbinol was studied, Reaction conditions, properties of the fractions separated from the products of catalysis and 
the results of experiments on the determination of the degree of unsaturation of the latter, are shown in Table 2, 
Figures 2-4 show the curves of the hydrogenation of these fractions, 


The magnitudes of the indices of refraction of fractions I-II, obtained in the experiment at atmospheric pres- 
sure (Table 2, Expt, 1), the over-all consumption of hydrogen, and the volume of hydrogen absorbed up to the point 
of inflexion on the curves, show that these fractions along with diene alcohol (~ 40-50%), also contain ethylene 
alcohol, The same factors indicate that fractions III and IV contain more diene alcohol and an admixture of the 
original carbinol, while fraction V contains the original carbinol, From Fig, 2 it can be seen that the horizontal 
portion is missing from the curves on the hydrogenation of fractions I and II (curves 1 and 2), On the other hand the 
hydrogenation curves of fractions II and IV (curves 3 and 4) have a horizontal portion which indicates that they con- 
tain triple and conjugated double bonds, As a matter of fact, 15% of carbinol was determined in fraction III by 
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TABLE 2, Hydrogenation of Dimethylvinylethynylcarbinol with the Absorption of One Mole of Hydrogen 


Properties of the product Determ, of unsaturation of prods, obtained 


Consumption | Vol. of Hz 
Carbinol | wt. of of Hz based | absorbed up 
Quantity, content frac, on diene al- | to the point 
of frac- sample, | cohol, ml of inflexion 
6 tion, % g on the kine- 


tic curve, ml 


Over a nickel catalyst 
(wt, of catalyst — 3 g; quantity of carbinol — 50 ml; volume of methanol — 50 ml; temperature — 25°; 
atmospheric pressure (expt, 1) and 70 atm (expt, 2)] 


I 44 — 45 (11) 1.6° 1,4439 0 0.3563 | 164 | 106 41 
46,5—50 (11) 11,0° 1.4464 0 0.3634 | 171 |129 56 
Ill 50 —53.3 (11) 6.7° 1,4540 15 0.3657 | 168 |148 85 
IV 53,5 —56 (11) 9.0° 1.4599 0.3684 | 169 |194 133 
Vv > 56 (11) 1,3° 1.4748 - 0.2944 | 203 184 134 
7 I To 46 (9) 16,0° 1,4504 0 0.3735 | 173 |138 69 
I 46 — 48 (9) 13,0° 1,4570 19 0.3778 | 175 |171 108 
Il 49 (9) 2,0° 1.4670 = 
IV > 49 (9) 10.0° 1.4779 = 
: Over a nickel catalyst in the presence of pyridine 
(wt, of catalyst — 3 g; wt, of carbinol — 44,1 g; volume of methanol — 25 ml; volume of pyridine — 


25 ml; temperature — 25°; pressure — 70 atm.) 


3 I 48,5 — 51 (19) 16.84 1,4563 
I 53 — 57.5 (19) 15,37 8 0.2325 | 104 = 48 
m | 59 (18-19) 5.81 1.4636 36 0.3676 | 166 |195*** 191 
Iv | 59(18-19) 3.57 1.4787 - - - 


Over a zinc catalyst 
(volume of catalyst — 50 ml; wt, of carbinol — 42,8 g; volume of methanol — 
50 ml; temperature 100°; pressure — 100 atm.) 


4 I 51 — 56 (19) 3,32 1,4517 2 0.3203 | 143 96 46 
II 56.5 —57,5 (19) 32,26 1.4656 10 0.3870 | 173 178 114 
Il 57,5 (19) 1,2 1.4765 - 0.1909 | 131°* | 122 85 
IV Tar 0.5 - - - 


*Vol, in milliliters, 
* * Calculated on original carbinol, 
***On an activated rhodium catalyst. 


method [3], Judging by the index of refraction, approximately the same amount of unreacted carbinol is to be found 
in fraction IV, The hydrogenation curve of fraction V (Fig. 2, curve 5) is analogous to that of the hydrogenation 
curve of the original carbinol (Fig, 1, curve 1), Similar results were obtained on the hydrogenation of dimethylvinyl- 
ethynylcarbinol under pressure (Table 2, expt, 2); fraction I (Fig. 2, curve 6) consists basically of diene alcohol with 
an admixture of ethylene alcohol, while fraction II (Fig. 2, curve 7) consists of a mixture of diene alcohol and the 


original carbinol, Thus, in the presence of a nickel catalyst, both at normal and elevated pressures, the total quantity 
of diene alcohol in the products of catalysis probably does not exceed 50%, 


It was pointed out previously that the rate of hydrogenation of hydrocarbons containing conjugated double bonds 
[10, 11] over nickel in the presence of pyridine is greatly reduced, In this connection an effort was made to increase 
the yield of diene alcohol by means of the partial hydrogenation of dimethylvinylethynylcarbinol in the presence of 
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Fig. 2, Hydrogenation of fractions obtained by the dis- 
tillation of the products of catalysis of experiment I 
(curves 1-5) and experiment 2 (curves 6-7), over a nickel 
catalyst in CH,OH: curves 1 and 6 — fraction I; curves 2 

~ and 7— fraction II; curve 3 — fraction III; curve 4 — frac- 

tion IV; curve 5—fraction V. 
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Fig. 3, Hydrogenation of fractions obtained by the distilla- 
tion of the products of catalysis of experiment 3, over a 
nickel catalyst in C,.H;OH: 1) fractions I-II; 2) fraction III. 


pyridine, The results of these experiments are presented in Table 2 (experiment 3) and are shown in Fig, 3, Frac- 
tions I and II were combined, and on hydrogenation 0.2325 g of this product absorbed ~117 ml of hydrogen as against 
104 ml which would be necessary on calculation for diene aicohol, The shape of the hydrogenation curve (Fig. 3, 
curve 1) indicates the presence of an admixture of the original carbinol, Eight percent (2.6 g) of the latter was 
detected in it by method [3], By comparison of the hydrogenation curve of fraction III (Fig. 3, curve 2) with the 
hydrogenation curve of the original dimethylvinylethynylcarbinol (Fig, 1, curve 20)it can be seen that fraction III 
contains a considerable quantity of the original carbinol. Thirty-six percent (2,1 g) of dimethylvinylethynylcarbi- 
nol was found in fraction III by method [3], As is evident from the index of refraction, fraction IV (3.6 g) is the 
original carbinol (Table 2, experiment 3), Thus in experiment 5 the products of catalysis contain ~8,2 g (~ 19%) 

of dimethylvinylethynylcarbinol, Consequently, on absorption of one mole of hydrogen, the products of catalysis 

of experiment 3 contain just the same amount of ethylene alcohol, Hence the yield of diene alcohol (taking losses 


into account) reached ~57%, Therefore poisoning the nickel catalyst with pyridine does not result in any significant 
increase in the yield of diene alcohol, 
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The hydrogenation of dimethylvinylethynylcarbinol over a zinc catalyst. The experiments were carried out 
at a temperature of 100° and an initial hydrogen pressure of 100 atm, The volume of catalyst was 50 ml; the vol- 
ume of methanol 50 ml, The rate of hydrogen absorption was considerably less than in the case of hydrogenation 
over nickel, and the reaction ceased of its own accord after the absorption of approximately two moles of hydrogen, 
After distilling off the solvent, the products of catalysis distilled almost completely at 50-51° (12 mm); r°D 1.4370; 
, 0.8345, These properties correspond with those of dimethylbutenylcarbinol, Thus, over a zinc catalyst, the 
reaction ceases at the stage where an ethylene alcohol is formed and no further hydrogenation occurs, 
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Fig. 4. Hydrogenation of fractions obtained by the distilla- 
tion of the products of catalysis of experiment 4, over nickel 
in C,H;OH: 1) fraction I; 2) fraction II; 3) fraction III, 


Table 2 shows the results of experiments on the addition of one mole of hydrogen to dimethylvinylethynylcarbinol, 
As can be seen from the results of the distillation, ~75% of the products of catalysis are found in fraction II, which 
boils within the limits 56,5-57,5° (19 mm), has n’°D 1.4656 and is basically a diene alcohol, The shape of the hydro- 
genation curve of fraction II (Fig. 4, curve 2) indicates that it contains an admixture of the original carbinol. On the 
portion of the curve up to the point of inflexion ~114 ml of hydrogen were absorbed instead of the 86 ml calculated 
for the hydrogenation of diene carbinol to an ethylene carbinol (Table 2, experiment 4), The following frequencies 
occur in the combination light dispersion spectra of fraction II: 2215 (6), 2147 (0), 2108 (1), 1615 (9), 1594 (3), 1552 
(0) cm™; the 2215 cm™ line corresponds to the -C=C-C=C group. Approximately 10% (3,2 g) of the original 
carbinol was found in fraction Il by method[3], The index of refraction (1°D 1.4765), the consumption of hydrogen 
(Table 2, experiment 4) and the shape of the hydrogen curve (Fig. 4, curve 3) of fraction II correspond with those of 
the original carbinol; its yield amounted to ~4% (1.7 g), A small quantity of dimethylvinylethynylcarbinol (~2%) 
(0,1 g) was also found in fraction I; its yield was ~8%. On hydrogenating 0.3203 g of this fraction, 96 ml of hydro- 
gen was absorbed, or ~70% calculated on the diene carbinol, This also indicates the presence of ethylene alcohol 

in it, which is also confirmed by the shape of the hydrogenation curve of this fraction (Fig. 4, curve 1), Judging by 


the consumption of hydrogen up to the point of inflexion on the curve, fraction I contains no more than 50-60% of 
the diene carbinol, 


The data presented show that altogether the products of catalysis contain~5g of dimethylvinylethynylcarbinol, 
which amounts to ~12% of the carbinol originally taken for hydrogenation, Thus, on hydrogenating dimethylvinyl- 
ethynylcarbinol over a zinc catalyst, after the absorption of a mole of hydrogen, there is also formed a complex 
mixture consisting of the original carbinol ( ~15%), diene alcohol ( ~70%) of ethylene alcohol ( ~15%). 


The authors express their thanks to B, V. Lopatin for taking the spectra and to student I, Mikhel'son for help 
with the experimental work, 


SUMMARY 


1, In the presence of a nickel catalyst the addition of one mole of hydrogen to dimethylvinylethynylcarbinol 
proceeds nonselectively: a mixture is formed that contains the original carbinol and diene and ethylene alcohols, 


Partial blocking of the surface of the catalyst by means of pyridine did not lead to any significant increase in the 
yield of diene alcohol, 


2, In the presence of a zinc catalyst dimethylvinylethynylcarbinol is selectively hydrogenated to dimethy!- 
butenylcarbinol, After the absorption of one mole of hydrogen the products of catalysis contain approximately 70% 
of diene alcohol, Thus, a zinc catalyst shows the greatest selectivity in this reaction, 
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TO HYDROCONDENSATION CATALYSIS 
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Conversions of the following C,- and C,-olefins under hydrocondensation catalytic conditions have been in- 
vestigated previously: pentene-1 and pentene-2 [1], isopropylethylene [2], tri- and tetramethylethylene [3], and 
hexene-1[4, 5], It was shown that isoolefins at 190° and atmospheric pressure on a Co-clay Catalyst in hydrocon- 
densation and hydropolymerization reactions reacted only to a small extent (5-10%) and were mainly hydrogenated 
to the corresponding paraffin hydrocarbon, In addition, in the case of isopropylethylene, double bond isomerization 
played a large part in its conversions, Unlike isoolefins, C;- and C,-olefins of normal structure participated more 
vigorously in the reactions indicated, Pentene-1 reacted to the extent of 28-30%, pentene-2 — 13-14%, hexene-1 — 
~ 22%, In the case of pentene-1 and pentene-2, as in the case of isopropylethylene, double bond isomerization was 
observed chiefly from the a- to the 8-position, This reaction had been noted previously for n-butenes also [6], Un- 
like the Cs~ and C,-isoolefins investigated, isobutylene actively participated in hydropolymerization and hydrocon- 
densation reactions with CO, yield of liquid hydrocarbons amounting to ~60% on isobutylene passed [7, 8]. 


It was of interest to investigate 2-methylbutene-1 and 3,3-dimethylbutene-1 in the reactions indicated; the 


first of these has the structural element of isobutylene with regard to the double bond, the second is an o -olefin in- 
capable of double bond isomerization, 


EXPERIMENTAL 


Initial 2-methylbutene-1 was synthesized by dehydrating isoamyl alcohol produced by fermentation (b, p, 129- 
132°; #°D 1,4082; d?°, 0.8138) over Al,O, at 380-400°, The three isomeric pentenes obtained in this mixture after 
separation from water of reaction and drying over calcium chloride were fractionally distilled on a column packed 
with a three-cornered copper coil of effectiveness 60 theoretical plates, The 2-methylbutene-1 fraction with b, p. 
29-32° was redistilled on the same column, The hydrocarbon thus obtained according to chromatographic analysis 
consisted of 97.6% 2-methylbutene-1, with 1.4% 3-methylbutene 1 and 0.8% 2-methylbutene-2, and had b, p. 31- 
32° (760 mm); n°°D 1.3780; d?°, 0.6501; MR found 24,83; MR calculated for CsHjk. 24,78. Data in the literature 
[9]: p. 31.16; n” D 1.3378; a 0.6504 


Initial 3,3-dimethylbutene- 1 was synthesized from pinacone hydrate according to the scheme [10-12): 


Cc | | Cc | \| | | 300 — 310 | (1) 
OH OH co C OH 


Cc 
(I) (11) (111) (IV) 


In the last stage, on dehydrating pinacoline alcohol (III) a mixture of 3,3-dimethylbutene-1 (IV), 2,3-dimethyl- 
butene-1, and 2,3-dimethylbutene~-2 (tetramethylethylene) in the ratio ~1: 0,6: 0,2 was obtained, which was frac- 
tionated on the above-mentioned column, The fraction with b, p, 39-43° was redistilled, the fraction in the b, p. 


= 


range 41-42° (760 mm) being collected, The 3,3-dimethylbutene-1 obtained had a™, 0.6526 and r°D 1.3765; MR 
found 29,62; MR calculated for CgHy,k 29.58, Data in the literature for 3,3-dimethylbutene-1 [9]: b. p. 41,24°; a, 
0.6529; 1.3760, 


Apparatus and procedure for carrying out the experiments did not differ from that described previously [13], 
Experiments with each olefin were carried out at 190° and atmospheric pressure in a circulatory system, with previous 
by prepared Co-clay contact catalyst(1:2), the activity of which was checked during hydropolymerization of ethylene 
under the action of CO and was found to be high; yield of liquid hydropolymerizate amounted to 500-510 ml per 
cubic meter of initial gas of composition 40-50% CpHy, 4-5% CO, 45-50% Hy. Before each experiment the catalyst 
was regenerated with electrolytic hydrogen at 450°, The initial olefin was fed into a glass reaction tube of diameter 
10 mm containing 30 ml of catalyst from an automatic burette at a fixed rate, The initial gas was simultaneously 
fed into the tube (Hz or a mixture of CO and Hg). The catalyzate was collected in two receivers; in the first — at 
15°, in the second — at 80°, After drying over calcium chloride and degasification by fractionation, the catalyzates 
were fractionally distilled up to a temperature of 84°, Fractionation residues were distilled from a small Wurtz flask, 
The resulting fractions were analyzed qualitatively by the method of Raman spectra, Evaluation of line intensity was 
carried out visually on a ten -division scale. Identification of spectra was obtained with the use of literature data on 
the Raman spectra of individual hydrocarbons [14]. Content of unsaturated products in the fractions and catalyzates - 
were determined using their bromine numbers. Effluent reaction gases were analyzed thermochromatographically. 


Experiments with 2-Me thylbutene-1 


2-Methylbutene-1, Experiment 1 (Table 1)was carried out with 2-methylbutene-1 only in absence of gas- 
carrier, Before the experiment, the catalyst after reduction was treated with nitrogen (8 liters) to remove hydrogen 
from the system and the reaction zone, Then, to remove hydrogen from the catalyst surface, 10 ml of 2-methyl- 
butene-1 was passed for 1 hr, discarded, then 125.2 ml of 2-methylbutene~-1 passed for 12 hr, The catalyzate (r°°D 
1.3856; 0.6565; bromine number 228,0; 100% of unsaturated compounds), in amount 70 ml, was fractionally 
distilled (Table 2, Fig, 2, curve 1), Fraction I was 2-methylbutene-1[ Av, cm™!; 396 (2w), 773 (9), 1082 (3), 1654 
(10), etc,], containing traces of 2-methylbutene-2[4v, cm: 1682 (2)]. Fractions II and IV mainly consisted of 
2-methylbutene-2 [ Ov, cem™; 527 (4), 769 (10), 1389 (5), 1682 (10), etc,], whilefraction III was practically pure 
[Av, em”; 527 (3), 769 (10), 1389 (4), 1682 (10) etc.], In fractions II and III traces of 2-methylbutene-1 occurred, 
indicated by the presence of the frequency 1654 cm™ in the spectra of these fractions, Data in the literature for 
2-methylbutene-2 [9]: b. p. 38.53°; 1°D 1.3874; d?°, 0.6623, Thus, 2-methylbutene-1 isomerized into 2-methyl- 
butene-2 to the extent of ~ 70% by a double bond shift. 


2-Methylbutene-1 in a current of Hj, Experiment 2 (Table 1) 
was carried out with the initial vapor-gas mixture, in which ratio of 
2-methylbutene-1: Hz was 1: 0,94, 87.1 ml of 2-methylbutene-1 and 
16.9 liters (NTP) of Hz were passed, This returned 73,8 ml of liquid 
catalyzate and 7,9 liters (NTP) of gas, Overall composition of efficient 
gases and catalyzate degasification gases was (in vol, %) 88.0% Hg; 
9.0% 2.1% 0.4% 0.1% CyHyo; 0.24% CyHy; 0.4% 
i-CsHyp. Ratio of Cy:Ce 3 C3:C, was 1: 0,23: 0.4: 0,038, Yield of 
C,—Cy, fraction on olefin passed was 5.5%, Sixty-two ml of catalyzate 
was fractionally distilled (Table 3, Fig. 1, curve 2), Fractions I and II, 

7 boiling in the range 24-27,8° and united together, contained 92% 2- 
Vol % methylbutane [Av, cm; 463 (4), 765 (10), 798 (9), 1037 (3), etc.] 
and 8% 2-methylbutene-1[A v, cm™! 1654 (2)], Data in the literature 
Fig, 1, Distillation curves of the cata- for 2-methylbutane [9]: b. p. 27-85°; d°, 0.6197; n°°D 1.3537, Fraction 
lyzates in the experiments; 1) experi- III contained 83% 2-methylbutane [A v, cm™: 765 (10), 798 (8), 1147 
ment 1 (2-methylbutene-1); 2) experi- (2), etc,] and 17% 2-methylbutene-1[A4»v, cm™; 1082 (0), 1418 (0). 
ment 2 (2-methylbutene-1 + H2); 3) 1654 (5), etc.], Fraction IV contained 67% 2-methylbutene-2[Av, 
experiment 3 (2-methylbutene-1 + cm; 527 (4), 769 (10), 1340 (5), 1683 (10), etc,] with a slight impurity 
CO + He). of 2-methylbutene-1 [A v yom"; 1435 (0), 1654 (1)] and 33% of 2-methyl- 
butane [Av , cm™!: 798 (4), 1147(0)]. Fraction V was a mixture of 94% 
2-methylbutene-2[ Mv, em™; 527 (3), 769 (10), 1389 (4), 1682 (10), etc,] and 6% 2-methylbutane with traces of 
2-methylbutene-1[4v, em: 1654 (0)]. Fraction VI was a mixture of 3-methylalkanes[4v, cm™!; 446 (4), 817 (4), 


1038 (2),1147 (1W), etc,] and the corresponding alkenes, and also of 2-methylbutene-2 [4 , em; 527 (2), 769 (5), 
1340 (2), 1682 (10), etc.], 


Thus, 2-methylbutene-1 in presence of hydrogen was hydrogenated to isopentane to the extent of ~ 47% 


isomerized to 2-methylbutene-2 to the extent of ~26%, underwent hydrocracking to the extent of 6%, and was con- 
verted into higher homologs to the extent of ~7%, 


TABLE 1, Experimental Conditions and Results Obtained 


Flow rate, 


Initial olefin 
& a 

8 


4 Ibutene-1 12,0 — 0,35/— | — 77,0 
2 8,0 0,36 |— |70,5| 53,2 | 84,6 
3 4 » 420 | CO+H, | 0,36 |7,0|54,2| 47,0 | 89,5 
4 2 |3,3-Dimethylbutene-1 | 8,0 lo | 
5 » 8.0} H, | 0,19|— |45,0] 51,0} 91,0 
6 » 8.0 | CO+H, | 0,19 | 4,3] 38,2| 53,8] 92,8 


TABLE 2, Catalyzate Fractions in Experiment 1 (2-methylbutene-1 with- 
out gas~-carrier) 


Fraction | Boiling range 


Hydrocarbon 
number | of fraction, °C a” D y 


n 


I 30,5—31,5 20,1 0,6501 14,3782 2-MethyIbutene-1 
I 32,5—37,2 8,5 0,6533 1,3839 
Ill 37 ,8—38,4 61,5 0,6619 41,3874 2-Methy Ibutene-2 
IV 38,4—42,5 5,7 0,6590 14,3930 
Losses 4,2 


2-Methylbutene~-1 in a current of a gaseous mixture of CO and Hz. Experiment 3 (Table 1) was carried out 
with a triple mixture of 2-methylbutene-1 -CO- Hg. The initial vapor-gas mixture had the composition: 55.4% 
i-CsHyo, 5.1% CO and 39,5% Hz. 130 ml of 2-methylbutene-1, 19,5 liters (NTP) of Hz, and 2,52 liters (NTP) of 
CO were passed, This returned 116,8 ml of liquid catalyzate and 11,7 liters (NTP) of gas of composition: 83.1% Hg; 
0.6% CO; 1.86% CHy; 2.55% CoHg; 0.21% 1.1% 0.7% 1.4% i-CgHyo; 0.5% and 1.5% i-C,Hg. 
Ratio of Cy: Cg:C3:C, in the gas was 1: 0,34: 0,25: 0.46, Yield of hydrocarbons C,—C, in relation to olefin passed 
amounted to 8,5%, One-hyndred ml of catalyzate was fractionally distilled (Table 4, Fig. 1, curve 3), Fraction I 
consisted of 30% 2-methylbutene-1 [Av, cm™!; 1082 (2), 1654 (9)] and 70% 2-methylbutane [ Mv, em™!; 463 (3), 
798 (6), 1037 (3), 1147 (1), etc,], Fraction II contained 74% 2-methylbutene-1 [Av, cm™:; 396 (0), 773 (9), 1082 
(3), 1654 (10), etc,] and 26% 2-methylbutane [ Av, cm: 463 (0), 798 (1)]. Traces of 2-methylbutene-2 were also 
observed [Av , cm™; 1682 (1)], Fractions III and IV consisted mainly of 2-methylbutene-2 [4v, cm; 527 (5), 
769 (10), 1340 (6), 1682 (10), etc;]with a slight impurity of 2-methylbutane, and 2-methylbutene-1 [4 vy, cm™; 
1654 (1)], Fraction V was mainly a mixture of 3-methylalkanes and the corresponding alkenes[ Mv, cm; 446 (2), 


817 (3), 1038 (2), 1147 (0 w), 1305 (2), etc.] with an impurity of 2-methylbutene-2 [Av, em™; 527 (1), 769 (4), 
1340 (1), 1682 (8), etc.]. 


Thus, 2-methylbutene-1, in the presence of CO and Hg was hydrogenated to isopentane to the extent of ~15%, 
isomerized to 2-methylbutene-2 to the extent of ~54%, converted to higher homologs to the extent of ~5,5%, and 
underwent hydrocracking to a certain degree, It is noticed that the presence of CO in the initial vapor-gas mixture 


to a large extent inhibits hydrogenation not only of initial 2-methylbutene-1, but also of its isomerization product, 
2-methylbutene-2, 


Experiments with 3,3-Dimethylbutene-1 


3,3-Dimethylbutene-1, In experiment 4 (Table 1) the behavior of 3,3-dimethylbutene-1 alone was investi- 
gated, Before the experiment, the catalyst after regeneration was treated with a current of nitrogen to remove hydro- 
gen from the system, Hydrogen adsorbed on the catalyst was accepted by the initial hydrocarbon; the first 5 ml of 
catalyzate were discarded, 47,8 ml of 3,3-dimethylbutene-1 was passed over the catalyst, returning 38,4 ml of 


Liquid 
Number catalyzate 
yield, vol. 
of fom % on initial 
expt. jtact olefin 
Yield of | Fraction properties 
te. 
ts, 
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catalyzate and 0,1 liter of gas (nitrogen), The catalyzate (1°°D 1.3788; a™, 0.6551, bromine number 190.5; 100% 


unsaturated compounds) contained 86.5% unchanged 3,3-dimethylbutene-1 and 9,4% higher-boiling residue (Table 
5, Fig. 2, curve 1), 


3,3-Dimethylbutene-1 in a current of Hy. In experiment 5 (Table 
1) the behavior of 3,3-dimethylbutene-1 in a current of Hy was studied, 
The composition of the initial vapor-gas mixture was 41% olefin and 
59% Hz. 46.8 ml of hydrocarbon and 10,85 liters (NTP) of hydrogen 
were passed, This returned 42,5 ml of catalyzate and 5,2 liters (NTP) 
of a gas of composition 93.0% Hg, 6.2% CHy, 0.6% CoH, 0.2% CoHy. 
Forty ml of catalyzate was fractionally distilled (Table 6, Fig, 2, curve 
2), Fraction I was a mixture of 84% initial 3,3-dimethylbutene-1 and 
16% 2,2-dimethylbutane (neohexane); fraction (II) — neohexane with 
an impurity of ~5% of initial 3,3-dimethylbutene-1; fraction III — higher- 
boiling hydrocarbons, Data in the literature for neohexane [9]: b, p. 
49,74°; 1,3688; d?°, 0.6492, The. presence in the catalyzate of 
small amounts of hydrocarbons boiling below 3,3-dimethylbutene-1, 
Fig, 2, Distillation curves of catalyzates and also of methane in the effluent gas (up to 4% on olefin passed) in- 


in the experiments: 1) experiment 4 dicates the occurrence of a small amount of destructive hydrogenation, 
(3,3-dimethylbutene-1); 2) experiment 


5 (3,3-dimethylbutene-1 + H,)33) ex- . 3,3-Dimethylbutzne-1 in a current of a gaseous mixture of CO 
periment 6 (3,3-dimethylbutene-1 + and Hg. In experiment 6 (Table 1) the initial vapor-gas mixture had 
CO + Hy) the composition 43.6% 3,3-dimethylbutene-1, 4.4% CO, and 52% Hp. 
- Ratio of Hy: CO in the initial gas was 8.9. 46,0 ml of olefin, 9,15 liters 
(NTP) of Hg, and 1,03 liters (NTP) of CO were passed, Flow rate of the 
total gaseous mixture was 43,0 hour, This returned 42,6 ml of catalyzate and 4,75 liters (NTP) of a gas of composi- 
tion 0.8% CO, 85.0% Hz, 13.6% CHy, 0.7% CH. Hydrogen reacted to the extent of 56.0%, carbon monoxide 97%, 
Forty ml of catalyzate was fractionally distilled (Table 7, Fig, 2, curve 3), Fraction I consisted of ~90% unchanged 
3,3-dimethylbutene-1 and 10% 2,2-dimethylbutane, Fraction II contained 95% 2,2-dimethylbutane and 5% initial 
3,3-dimethylbutene-1, Hydrocarbons boiling higher than neohexane constituted 11.5% of the catalyzate volume, 
i,e., not much more than in the catalyzate obtained from the mixture of 3,3-dimethylbutene-1 and Hz in absence 
of CO (in experiment 5), From an examination of the data given it is seen that both 2-methylbutene-1 and 3,3-di- 
methylbutene-1 are practically unreactive in hydrocondensation with CO and in hydropolymerization under the action 
of CO and Hg. 2-Methylbutene-1 mixed with H, in presence of ~5% CO is ~15% hydrogenated to isopentane, ~54% 
isomerized to 2-methylbutene-2, and 5,5% converted to higher hydrocarbons, Mixed with H2, 2-methylbutene-1 
was ~47% hydrogenated to isopentane, ~26% isomerized with shifting of the double bond, ~7% converted into higher 
hydrocarbons, and underwent hydrocracking to the extent of 6%, In absence of CO and H2 , 2-methylbutene-1 was 
~ 10% isomerized to 2-methylbutene-2, According to the data obtained in this work and previously [2, 3], it can 
be considered that on the surface of the Co-clay catalyst a reversible reaction (2) occurs, Under hydropolymeriza- 
tion conditions reaction (2) is displaced to the right practically completely (content of form 1 was 5-10%), Since 
8-olefins are hydropolymerized by the action of CO and Hg, being first isomerized to « -olefins [1, 6], it can be 


TABLE 3, Catalyzate Fractions in Experiment 2 (2-methylbutene-1 in presence of hy- 
drogen) 


‘ - Yield of Fraction properties 
Fraction Boiling rang 


number | of fraction,’ 


fractio bromine 
7 eds 


Hydrocarbon 


n 
vol, % number | stances,% 
24,0—27,0 
27,0—27,8 
27,8—30,0 
31 ,2—37,2 
37,8—39,0 
40—145 

Losses 
Initial 
catalyzate 


7,8 ) | 2-Methylbutane + 
17,4 j +2-Methylbutene-1 
67,0| | 2-Methylbutane + 
94,0 +2-Methylbutene -2 

3-Methy lalkanes 


0,6343 | 1,3680 41,0 


| 
I 
ll 
Ill 
IV 
Vv 
VI 
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and 


37,5-48,0 


48,5-49,0 
50- 74 
Losses 


24,5—29,5 17,0 
30 —32,0 11,4 
33,2—38,0 20,0 
38 ,0—39,2 42,2 
40 —162 6,0 
Losses 3,4 
Initial 


catalyzate | 100 


Boiling 
range of 
fraction, 


39,5-41 


50-71 


Initial cata- 


lyzate 


0,6251 | 1,3604 67,8 29,6 
0,6407 | 1,3725 | 169,5 74,2 
0,6536 | 1,3832 | 213,0 93,0 
0,6618 | 1,3870 
0,6901 | 41,3958 51,2 
0,6506 | 1,3810 | 179,0 78,4 


| 


Yield of | Properties of fraction 
fraction, 
vol, % 


| bromine] unsaturated 
number | compounds 


0.6498 


1,3730 


CH,—CH,—C = CH, — CH,—CH = C—CH, 


129,7 


| 
CH; 


TABLE 4, Catalyzate Fractions of Experiment 3 (2-methylbutene-1 in presence of CO 


TABLE 5, Catalyzate Fractions in Experiment 4 (3,3-dimethylbutene-1 
in absence of gas-carrier) 


3,3-Dimethyl- 
butene-1 


2-Methy butane + 
+2-Methylbutene-1 
2-Methylbutene-2 


3-Methylalkanes 
and alkenes 


Hydrocarbon 


Hydrocarbon 


3,3-Dimethyl- 
butene-1 + 
+ 2,2-di- 
methylbutane 
2,2-Dimethylbutane 


proposed that the rate of the reverse reaction (2) is considerable lower than the hydropolymerization rate, which 
probably explains to a certain extent the low reactivity of 2-methylbutene-1 in the reactions indicated, The possi- 
bility is not excluded that the 2-methylbutene-1 molecule is of itself of low reactivity in hydropolymerization in 
absence of isobutylene and n~pentene molecules, 3,3-Dimethylbutene-1 was~43% hydrogenated in presence of CO 
and Hg, and mixed with Hg, about 57%, In all the catalyzates obtained in experiments with 3,3-dimethylbutene-1, 
a fraction occurred with b, p. 50-74°, amounting to 7-9.5%. Higher-boiling hydrocarbons with b, p. 74-168° occurred 


(2) 


Yield of Fraction properties 
t 
raction| Boiling fractio bromine Hydrocarbon 
number | of fraction, vol. % 4 > leather mat 
I 
Ill } 
IV 
tion 
I 86.5 0.6528 1,3765 
II 9.4 - 1.3950 
Losses 4,1 
TABLE 6, Catalyzate Fractions in Experiment 5 (3,3-dimethylbutene-1 in a current of H2) 
od Boiling range | Yield of Properties of fraction 
of fraction, fraction, 
No, 
~ 
2 60.0 | 0.6494} 1.3690 10,4 5.4 
3 8.5 | 0.6624] 1.3790 38.45} 20,2 
1.5 - - - 
100 | 0.6499] 1,3715 40.5 21.2 
CH, 
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TABLE 7, Catalyzate Fractions in Experiment 6 (3,3-dimethylbutene-1 in a current of gaseous 
mixture of CO and Hg) 


Properties of fraction 


of fraction, | fraction, °D | bromine | unsaturated Hymecstoon 
"C vol, % number | compounds 


37-48.0 40.0 1,3750 172.0 90.0 3,3-Dimethyl- 
butene-1 + 
+ 2,2-di- 
methylbutane 
49-50 45.0 | 0.6492 4 10,1 5,3 2,2-Dimethylbutane 


50,5-74 6.5 
14-168 0.6691 53.7 37.5 


Losses 3.5 - 
Initial cata- 
lyzate 100 0.6508 1.3738 


in the catalyzate obtained from the triple mixture i-CgHy —CO— Hz. This fraction, which can be regarded as the 
hydrocondensation product of 3,3-dimethylbutene-1 with CO, amounted in all to 5% of catalyzate volume, The 
low activity of 3,3-dimethylbutene-1 in hydropolymerization and hydrocondensation reactions with CO and Hg is 
evidently bound up with the steric difficulty in adsorbing the olefin on the catalyst surface, 


SUMMARY 


1. The conversions of 2-methylbutene-1 and 3,3-dimethylbutene-1 under hydrocondensation catalytic condi- 
tions were studied, 


2. Mixed with Hz in presence of ~5% CO, 2-methylbutene-1 was semi- isomerized to 2-methylbutene-2 with 
a double bond shift, hydrogenated in isopentane, and only reacted to a slight extent to form higher hydrocarbons. 


3.3-Dimethylbutene-1 under similar conditions was mainly hydrogenated to neohexane and was only partially con- 
verted to higher hydrocarbons, 


3. In absence of CO and under the action of Hz, the same reactions occurred for both hydrocarbons, hydro- 
genation prevailing over isomerization in addition, hydrocracking of the initial olefins occurred to a slight extent, 


4, In absence of CO and Hp», 2-methylbutene-1, unlike pentene~1, underwent isomerization with transfer of 
the double bond to the 6 -position, 
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A STUDY OF THE HYDROBROMINOLYSIS* OF GLYCINE ESTERS 
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Translated from Izvestiya Akademii Nauk, Otdelenie Khimicheskikh Nauk, 
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In view of the exceptionally wide use of hydrogen bromide solution in glacial acetic acid in synthesis of pep- 
tides it is of interest to study in more detail the action of this reagent on esters, and also in passing to elucidate the 
problem of the action of hydrogen bromide in acetic acid on the peptide linkage. According to Ben-Ishai and Berger . 
[1], the reaction of esters with HBr in acetic acid is neither hydrolysis nor reduction, but is a case of acidolysis and 
must proceed, in their opinion, by one of three routes, 


+ 


SNH—C—OCH [Br- 
Ry 


OH 


Ri, \ 
N==C—OCH,C,H, 


Riv ll 
R, 


OH + 
"\SN—C—O—CH,CeHs | Br- 


Here the actionis observed of HBt/CH,COOH only on the carbobenzoxy group, although it is known that this 
reagent acts on other esters, In addition, this mechanism does not explain the effect of the solvent on the process, 
since it is known that the addition of water leads to retardation of the reaction and even to its course via a hydrolytic 
route, It appeared to us, in the light of the views developed by Syrkin [2] on the role of intermediate complexes in 


chemical reactions, that acidolysis in this instance proceeds according to the following scheme (here the symbols 
are those used by Syrkin), 


R—C—OCH,R' CH,—R' 
+H 


Om 


where X=Cl; Br; I 


According to this mechanism for formation of an intermediate complex the presence is necessary of an undis- 
sociated HBr molecule, which condition is fully achieved in such solvents as glacial acetic acid, nitromethane, and 
absolute alcohol, As already noted, HBr in glacial CHs;COOH acts on other esters, although it is of value in prepara- 
tion of benzyl esters and in protecting the amino group in several cases of compounds of the urethane type 
<) | 


. The latter can also be regarded as anester, From the literature it is known that benzyl esters 


*We define “hydrobrominolysis" as the action of splitting an ester with HBr to the free acid and alkyl bromide, This 
term is not generally acknowledged, 


4 

— 
R-C=0 
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undergo hydrobrominolysis most readily, p-nitrobenzyl and methyl esters with much greater difficulty. However, 
this reaction has scarcely been studied systematically under standard conditions, The Polish authors [3] who have 
attempted a study of the reaction clearly came to an incorrect conclusion on this subject, namely, that the alcoholic 
residue has no effect on acidolysis rate, A few esters have been studied by these authors: (—OCHg; — OC,Hs; ~ OCH2CN). 
It was natural that it was difficult to observe a substantial difference in the behavior of the methyl and the ethyl ester, 
but it is rather strange that the authors did not point out that the cyanomethyl ester behaves differently in this reac- 
tion to the others, inasmuch as, as shown by Goodman et al, [4], it reacts with HBr according to the following scheme: 


Br O 
| H,0 ll 
—CH,—C=N-+HBr — CH,—C=NH——-~ —CH,—C—NHz 


The aim of the present work was the investigation of the effect of the alcoholic residue of glycine esters on 
hydrobrominolysis rate, We studied the hydrobrominolysis of the following glycine esters: benzyl, cyclohexyl, p- 
nitrobenzyl, and methyl, prepared mainly by methods described in the literature (except the cyclohexyl), We 
evolved a method of controlling the course of acidolysis according to the glycine formed as a result of the reaction, 
the glycine being quantitatively determined by colorimetry of chromatograms fully developed with ninhydrin, 


The result of the work is shown in the diagram of Fig. 1, where it is clearly seen that with increase in nucleo- 
philic properties of the alkyl group in the series 


the rate of splitting off these groups in hydrobrominolysis increases, 


From Fig, 1 it is seen that after 3 hr the benzyl and cyclohexyl esters were completely hydrobrominolyzed, It 
is interesting to note that the maximum extinction, shown along the y axis, in the case of these esters is identical, 
and coincides with the extinction of a solution of glycine in glacial acetic acid of the same molarity, The latter 
fact indicates that on conducting the experiment at 56 + 0,2° hydrobrominolysis is not complicated by any side re- 
actions, 

In a series of preliminary experiments we observed that on carry- 
ing out the reaction at 80° both glycine esters and glycine itself under- 
go some conversion with formation of ninhydrin-negative substances, 
On boiling 0,001 M of glycine solution in glacial CH;COOH with 40% 
HBr in a sealed ampoule at 80° for 5 hr, the original glycine extinc- 
tion falls by one third, 

EXPERIMENTAL 
min min Hydrochloride of the cyclohexyl ester of glycine. In a three- 
Fig. 1. Relation between rate of hydro- necked flask with stirrer, reflux condenser, and dropping funnel was 
im suspended 5 g of glycine in 100 ml of cyclohexanol. Over a period 
brominolysis of glycine esters and nature 
of 15 minutes 8 ml of thionyl chloride was added to the suspension, 
of alcoholic residue: 1) methyl ester; 2) 
and the solution then boiled for 3-4 hr, The compietely transparent 
nitrobenzyl ester; 3) cyclohexyl ester; 4) 
benzyl ester, Time is plotted along the solution was washed with water three times to extract the hydrochloride 
: of the cyclohexyl ester of glycine, and the cyclohexanol layer dis- 
x axis; along the y axis — amount of gly- 
= carded, The aqueous layer was brought to pH 10 with solid potash 
cine, expressed in optical density units 
(D). and extracted with ether, The ethereal extracts were dried over 
NaSQ,. A current of hydrochloride was bubbled into the dry ester, 
the hydrochloride of the cyclohexyl ester (3,6 g) precipitating as a 
white powder with m, p, 136-138°, Found: C 49,94, 50.10; H 8.26, 8.22%. CgHygNO,Cl, Calculated: C 49.7; H 
8.3%, After two reprecipitations from methyl aclohol by ether, the substance melted at 145° and contained no 
glycine impurity on the chromatograms developed with ninhydrin, 
In the table are given the constants of the glycine esters investigated; melting points were not checked; chro- 


matography was carried out in the system butanol: water: acetic acid 4: 5:1; “Leningrad” paper, type "B,” lengthwise, 
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Acidolysis of esters, To maintain a constant HBr concentration during the reaction, acidolysis was carried out 
in sealed ampoules, All reactions were carried out at t = 56 + 0,2° (vapor of boiling acetone), In each case 0,001 M 
amount of the substance was used in the reaction, this amount being dissolved in 2 ml of glacial acetic acid con- 
taining 40% HBr (by weight), After dissolving the ester, 
Constants of Glycine Esters Investigated the solution was poured into five ampoules, the ampoules 
Glycine esters (hydro- ER sealed and immersed in the vapor of boiling acetone, 
chlorides) in lit, Samples were withdrawn after 10 and 30 minutes, 1, 2, 
and 3 hr, After removal from the acetone vapor, the 
Cyclohexyl 145 samples were frozen in a mixture of dry ice and acetone, 
Benzyl 130 Using a pipette designed for quantitative application, 
four spots were obtained from each sample on a circular 
chromatogram of diameter 13 cm 
p-Nitrobenzyl 


(hydrobromide) | 192-198 Chromatography and colorimetry. Chromatography 
was carried out in the system butanol: water: acetic acid 
4:5:1, “Leningrad” "B" paper, Duration of chromato- 
grams, 2 hr, Chromatograms were air-dried and developed with 0.5% ninhydrin solution in 95% aqueous acetone, 
maintaining them at room temperature for 18-20 hr. Glycine spots were eluated with 5 ml of 75% ethyl alcohol 
containing 70 mg of CuSO, per 100 ml of solution, Eluation was continued for 2,5 hr; the test tubes, tightly stoppered 
were then agitated on a mechanical shaker, Colorimetry was carried out in an FEK-M-50 instrument in cells with 
1 = 10 mm and at A = 570 mm (green filter), Each point on graph 1 is the arithmetic mean of four readings, Maxi- 
mum deviation from the mean value amounted to ~10%, average deviation 4%, Reproducibility of experiments, 
i,e,, mean value for the same point in parallel experiments, was low and amount to approximately 10-15%, this, 


however, did not prevent in any way conclusions being drawn regarding the relative rate of hydrobrominolysis of the 
esters under investigation, 


The authors thank G, V. Nikiforova for performing part of the experimental work, 


SUMMARY 


1, A method is presented for determining hydrobrominolysis rate based on amount of glycine formed, employ- 
ing chromatography of the reaction mixture with subsequent colorimetry. 


2, With increase in nucleophilic properties of the alkylresidue, glycine esters hydrobrominolysis rate increases, 
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Over the last 15-20 years the stereochemistry of cyclopentane has been the subject of many investigations, 
varied in the methods employed, It can now be considered established that the cyclopentane ring is nonplanar [1, 
13}, If the ring had a planar structure it would be energetically strained, not because of the strain of the tetra- 
hedral direction of the bonds (the angle in a regular pentagon is close to that of a tetrahedron and is equal to 108°), 
but because of the mutual repulsion of the hydrogen atoms of the methylene groups; thus, it is not realized in actual 
practice, Even the withdrawal of one of the carbon atoms from the plane of the other four relieves this strain, This 
“envelope” form (I) (symmetry § ) was at first ascribed to the nonplanar structure of cyclopentane with the additional 
assumption of pseudorotation of the ring, expressed as an alternative departure from planarity of one carbon atom 
with respect to the other, But as well as this form, certain experimental and calculated data has rendered necessary 
the idea that a nonplanar structure for cyclopentane is also possible, with two carbon atoms withdrawn from the plane 


of the remaining three atoms [4, 9, 13] — giving a half-chair form (II) (symmetry C9), (in Ia the dotted lines rep- 
resent the bonds lying outside the plane of atoms CyC2Cs). 


(i) 


For cyclopentanes itself, structures (I) and (II) are practically unseparated by an energy barrier, No factor can 
be suggested which would definitely enable one of these forms to be considered more stable than the other, Thus 
they cannot be considered as separate conformations determined in certain physical experiments, Structures (I) and 
(II) are only some of the most probable nonplanar forms in which cyclopentane could exist and for which (I) and (11) 
are only the limiting forms, In the work [9] the proposition is made that in (II) it is possible that "better mutual 
arrangement of hydrogen atoms" occurs (see also [13]), However, the almost complete identity of the proton chemi- 
cal displacement in cyclopentane and cyclohexane, observed by the proton magnetic resonance method [15], appar- 
ently points to the overwhelming predominance of form (I) or of one close to it, 


Stabilization of form (I) or (II) of the cyclopentane ring could be expected in polycyclic systems and in various 
substituted cyclopentanes, It should be noted that only form (I) has been observed experimentally in polycyclic sys- 
tems so far, for instance — in chloro-, bromo-, and cyano- camphor, in the 4-iodo-5-nitrobenzoate of calciferol 


and in the fodo-cholesterin ring [16], In the work [12] an attempt was made to ascertain which substituents in sub- 
stituted cyclopentanes permit realization of form (I) and which enable that of form (Il). 


Certain experimental data (microwave spectrum, polarizability) and calculated data [17, 9, 13] indicate a 
nonplanar character for the cyclopentane ring and in cyclopentanone, In [13] it was proposed that in cyclopentanone 


this ring is represented mainly by a form with symmetry C, (III), occurring to the extent of ~86% in an equilibrium 
mixture with (IV), in which the cyclopentane ring has the form with symmetry C, 
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(II) (IV) 


This proposition was put forward by analogy with the structure of ethylene carbonate, determined by x-ray 
structural analysis [18], and by calculation of the potential barrier in ~1 kcal/M in the conversion (III) - (IV) by 
the method given in[12}, However, optical data is not in agreement with this proposition, 


In the Raman spectrum the carbonyl of cyclopentanone is represented by the frequency doublet 1730, 1747 
cm™ * with much greater clarity than in the spectrum of cyclohexanone [19]. As in cyclohexanone [19], we are in- 
clined to relate this doublet to the various conformations of cyclopentanone, differing from each other in the varying 
position of the carbonyl group in the molecule, In cyclohexanone these varying positions of the carbonyl are quasi- 
axial (a') and quasiequatorial (e") [19]. In this case, where the carbonyl group is excluded from the plane CyC,C, 
into the two quasi-bisectional positions (b') in (II), the conformations of the molecule would be completely identi- 
cal (in both cases there would be an interaction between the carbonyl and the C-H bonds in positions a,a',e") and 
would not guarantee a doublet of C=O frequency, We therefore propose that on substituting the hydrogen atoms of 
cyclopentane by carbonyl in cyclopentanone stabilization is achieved from the form of the cyclopentane ring with 
symmetry Cs (orof a form very close to it) in one conformation (V) with a quasi-axial, in another (VI)—with a quasi- 
equatorial position of the carbonyl group. Optically, these conformations differ markedly in carbonyl vibrational 
frequency: the quasi-axial carbonyl is characterized by a lower frequency-1730 cm™, the quasi-equatorial—by a 
higher one—1747 cm"! (see [19] regarding this), 


The variable frequency of the ring in the spectrum of cyclopentanone is a double one, 


Substitution of an &-hydrogen atom in cyclopentanone by a chlorine atom could lead to formation of four con- 
formations of & -chlorocyclopentanone (VII-X), similar to those which we have observed in o -chloroc yclohexanone 
[19]. Optically, they are characterized by various C=O and C—Cl vibration frequencies and by varying ring vibra- 
tion frequencies (see [19] with regard to this) 


(VIl)trans -1a’,2a—. (VIlI)trans-1e’2e (IX)cis -1e’2a = (Xjcis -1a’ 
C--O 1751(6) 4772(2) 4760(6) 1746(2) 
C—Cl 686(10) 702(3) 680(5) 692(5) 
Ring 909(8) 918(6) 892(5) 901(5) 


\ 
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e 
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* This doublet (1726, 1746 cem™!) was observed by Piaux in 1933 [20], But Kohlrausch in 1936 [21] cited only the 

one frequency, 1733 cm, indicating that it is broad, In 1937 Biquard again observed this doublet (1727, 1744 cm™), 
Recently this doublet (1728, 1748 em7) was confirmed in [23], At the present time, the cyclopentanone C =O fre- 
quency doublet is considered a firmly established fact, 
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In the spectra of both compounds (especially that of the second) a greater number of lines is observed (including 
double ones) than theoretically needed for one isomer (allowing for degeneration), This fact is convincing confirma- 
tion of the idea that the compounds investigated exist in the several conformations and configurations indicated above; 
on an experimental basis, it directly removes the sole objection to isomerism in cyclopentanone, groundlessly raised 
in [24], The explanation of the doublet in the carbonyl region by Fermi resonance[24] is untenable in view of the 
marked difference in the symmetry of the compounds under investigation and also that of cyclohexanone and its de- 
rivatives, investigated by us previously [19], and in view of the absence of it in the corresponding basic frequencies, 


EX PERIMENTAL 


The physical properties of the compounds investigated were: cyclopentanone, b, p. 130° (760 mm); °D 1.4365; 
«-chlorocyclopentanone, b, p. 65-66° (8 mm); 1.4737, 


Raman spectra determinations were taken on a locally-made ISP-51 spectrograph with a central camera and 
on a Hilger E612 spectrograph of the excited blue line at 4358°A on a mercury lamp (for key to intensities see [14]. 


Cyclopentanone , Av , cm™: 237 (vbr), 302 (0), 452 (2), 475 (4), 558 (1), 579 (2° ), 591 (2* ), 712 (5), 813 (5), 
895 (10 db), 955 (3* ), 769 (3* }, 1024 (6), 1154 (4 db), 1196 (1), 1235 (3 db), 1255 (3° ), 1275 (3* ), 1289 (1° ), 1412 
(6), 1458 (5* ), 1469 (2* ), 1730 (6* * ), 1747 (6* * ), 2881 (10), 2898 (10* ), 2909 (5° ), 2957 (3** ), 2972 (10° *), 
2988 (5° *) [the frequency 895 at low intensities was observed as a doublet — 892 (p), 898 (p)]. 


a-Chlorocyclopentanone, Av, 199 (4*br,db ), 216 (4*br,db ), 327 (5% * db), 339 *), 408 (3br,db ), 
460 (3br, db), 521 (5), 608 (5 br), 680 (5%s ), 686 (10%s ), 692 (5*s ), 702 (3*s ), 806 (3**), 816 (3**), 839 (3*), 
849 (3*), 876 (1), 892 (6%; ), 901 (5s ), 909 (8**s ), 918(6**s ), 944 (0), 961 (3 db), 1003 (4* ), 1013 (2°), 1041 
(4°*), 1054 (4**), 1114 (3 gb), 1145 (0* ), 1162 (4* db), 1234 (4 db), 1241 (4 db), 1279 (5 db), 1306 (2*), 1319 (0*), 
1346 (1), 1409 (6), 1439 (2* ), 1455 (6* ), 1470 (2°), 1746 (2° *s_), 1751 %), 1760 (6* %), 1772 (2° * s ), 2848 (0°), 
2867 (0* ), 2881 (6* db ), 2897 (2*s 1, 2904 (6* s ), 2916 (10*s ), 2930 (5*s ), 2968 (2**s ), 2971 (6**s ), 2983 
(10** s ), 2997(3**%s ), 3010 (2**s ), 


SUMMARY 


Cyclopentanone exists in two conformations — with a quasi-axial (V) and a quasi-equatorial (VI) position for 


the carbonyl group, «-Chlorocyclopentanone exists in four conformations: (VII)trans-1a'-2a =(VIII) trans-le"2e, 
(IX) cis-1a"'2a cis-1a'2e, 
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BRIEF COMMUNICATIONS 


SYNTHESIS OF 1-n-BUTYLTHIOBORACYCLOALKANES 


B. M. Mikhailov and T. A. Shchegoleva 


N, D, Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR 


Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, 
No, 6, pp. 1142-1144, June, 1961 
Original article submitted October 22, 1960 


Previously we had found that the reaction of diborane with n-butyl mercaptan, taken in a 1: 2 ratio, yields 
a polymer of n-butylthioborane, Further it was established that in ether solution the polymer adds to olefins, form- 
ing the n-butyl esters of dialkylthioboronic acids [1, 2]. It proved that the polymer of butylthioborane behaves in 

a similar manner toward dienic hydrocarbons, Reaction of the dienic hydrocarbon with an ether solution of the poly- 
mer at room temperature yields the corresponding 1-n-butylthioboracycloalkane, 


By reacting butadiene with n-butylthiobaane we obtained 1-n-butylthioboracyclopentane (I), which proved to 
be a colorless liquid, oxidizing with exceeding ease in the air. 


x +*CH.=CH—CH=CH, > xn-C,HySBC 


(I) 


The structure of the 1-n-butylthioboracyclopentane was established by oxidation with hydrogen peroxide, in 
which connection 1,4-butanediol was obtained, identified as the dibenzoate, The reaction with isoprene proceeds 
in a similar manner, resulting in the formation of 3-methyl-1-n-butylthioboracyclopentane (II). 


(n-C,H,SBH,)x-+ xCH,=C—CH=CH, —» xn-C < 
2 a 2 xn aH 
3 


CH; 
(II) 
The reaction of 1,4-pentadiene with n-butylthioborane gave 1-n-butylthioboracyclohexane (III). 


+ xCH,=CH—CH,—CH=CH, — xn-C,H,SB 


(III) 


The last two compounds are also characterized by a much greater sensitivity toward oxygen than the dialkyl- 
thioboronic esters, 


Boron-containing heterocyclic compounds with hydrocarbon substituents on the boron atom were previously 
obtained from organoboron halides and the corresponding dilithium [3] or dimagnesium [4] derivatives of butane 
or pentane, and also by the addition of diborane [5], 1,2-diaryldiboranes [6] or the trimethylamine complex of tert- 
butylborane [7] to dienic hydrocarbons, Transition from the boracyclic compounds synthesized by the enumerated 
methods to functional derivatives with substituents on the boron atom cannot be accomplished [6]. In contrast, the 
presence of an exceedingly reactive alkylthio group on the boron in the compounds obtained by us opens up great 
possibilities of utilizing them for the synthesis of various derivatives of boron-containing heterocycles, 


Thus, when 1-n-butylthioboracyclopentane is reacted with n-butylamine it is converted in 74% yield to 


1-n-butylaminoboracyclopentane, The reaction of 1-n-butylthioboracyclopentane with n-butyl alcohol goes some- 
what less smoothly, Here the yield 


— 
+ > BNHCH, + n-C,H,SH 


| 


of the corresponding butoxyl derivative is only 44%, In this case the substitution reaction is probably accompanied 


PBSC 2-CyH,OH ++ n-C,H SH 


by a partial cleavage of the ring carbon-boron bond, 


EXPERIMENTAL 


In all of the experiments with the dienes we used an ether solution of the n-butylthioborane polymer, which 
was obtained by the passage of 0,108 mole of diborane into a solution of 17,2 g (0.19 mole) of n-butyl mercaptan 
in 100 mi of ether over a period of 5 hr, 


1-n-Butylthioboracyclopentane, Butadiene was passed into an ether solution of the alkylthioborane until the 
spontaneous heating up of the reaction mixture ceased, The solvent was removed in vacuo, while the residue was 
subjected to fractional distillation, We obtained: 1) 11.5 g (33%) of 1-n-butylthioboracyclopentane with b, p, 45- 
49° (2 mm); d?°, 0,9326; m°D 1.5090; found MR 49,91; calculated MR 50,01, Found: C 62,49, 62.80; H 11,35, 11.39; 


B 7,23, 7.41%, CgH,78S, Calculated: C 61,55; H 10,98; B 6.93%; 2) 9.2 g of tetra(n-butylthio) diborane with b, p. 
98-102° (2 mm), 


The oxdiation of 1-n-butylthioboracyclopentane with hydrogen peroxide in alcoholic caustic solution [8] gave 
1,4-butylene glycol, which was isolated in 86% yield as the dibenzoate; m, p, 76-78°, Literature data [9]; 80-81°, 


3-Methyi-1-butylthioboracyclopentane, Isoprene (21.0 g; 0.3 mole) was added from a dropping funnel to an 
ether solution of the n-butylthioborane polymer, in which connection the reaction mixture warmed up, The residue 
from the removal of the solvent was subjected to fractional distillation, We obtained: 1) 17.7 g (55%) of 3-methyl- 
1- butyithioboracyclopentane with b, p.52-55° (1 mm); d?°, 0.8836; 1.4822; found MR 54,94; calculated MR 54,66, 
Found: C 63,43, 63,91; H 11,27, 11.25; B 6,52, 6.44%. CgHygBS, Calculated: C 63,53; H 11.26; B 6.36%; 2) 4.4 g 
of tetra(n-butylthio)diborane with b, p, 90-95° (1 mm), 


1-n-Butylthioboracyclohexane, The addition of 21,0 g (0.3 mole) of 1,4-pentadiene to an ether solution of 
the n-butylthioborane polymer was accompanied by the evolution of heat, The ether was distilled from the reaction 
mixture; the residue was subjected to fractional distillation, We obtained: 1) 19,3 g (60%) of 1-n-butylthiobora- 
cyclohexane with b, p, 54-58° (1 mm); a" 0.8932; Frias B) 1.4850; found MR 54,59, Found: C 64.61, 64,67; H 11.44, 


11.41; B 6.25, 6.11%, CoHygBS, Calculated: C 63,53; H 11.26; B 6.36%; 2) 5.3 g of tetra(n-butylthio)diborane with 
b. p. 92-98° (1 mm), 


1-n-Butylaminoboracyclopentane, Substantial warming up of the reaction mixture was observed when 3,0 g 
(0.40 mole) of n-butylamine was added at room temperature to 5,1 g (0.033 mole) of 1-n-butylthioboracyclopentane, 
Subsequent fractional distillation of the mixture in vacuo gave 3.4 g (74%) of 1-n-butylaminoboracyclopentane with 
b, p. 63-64° (9 mm); d?°, 0.8588; r°D 1.4730; found MR 45,42; calculated MR 44,90, Found: C 69,06, 68.96; H 
13,25, 13,23; B 7.99, 7.76%. CgHygBN. Calculated: C 69,09; H 13.05; B 7.78%. 


1-n-Butoxyboracyclopentane, A solution of 6,6 g (0,042 mole) of 1-n-butylthioboracyclopentane in 15 ml of 
ether was cooled to —70° and then a solution of 3.7 g (0.05 mole) of n-butyl alcohol in 15 ml of ether was added in 
1 hr, The reaction was accompanied by the evolution of heat, Then the mixture was warmed up to room tempera- 
ture, and the solvent and butyl mercaptan were removed by vacuum-distillation, Fractional distillation of the residue 
gave 2,6 g of 1-n-butoxyboracyclopentane, b, p. 64-70° (11 mm), After redistillation the compound had b, p. 56- 
58° (9 mm); d?°, 0.8801; n°°D 1.4502; found MR 42.78; calculated MR 42,87, Found: C 68,58, 68.81; H 12,01, 12,09; 
B 7.84, 7.81%. CgHy7BO, Calculated: C 68,61; H 12,24; B 7.73%. 


SUM MARY 


1, 1-n-Butylthioboracycloalkanes are obtained when dienic hydrocarbons are reacted with the polymer of 
n-butylthioborane, 


2, When reacted with amines or alcohols, the butylthio group in 1-n-butylthioboracyclopentane is replaced 
by the corresponding alkylamino or alkoxy group, 
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A number of papers [1-7] have been devoted to the stereochemistry of the reduction of methylcyclohexanones 
to methylcyclohexanols using lithium aluminum hydride, Recently Huckel and co-workers [3] and Dauben and co- 
workers [4] have carried out careful studies, which have brought a definite clarity to the problem, since prior to this 
various authors obtained different ratios of the cis- and trans-isomers when the methylcyclohexanones were reduced 
to the methylcyclohexanols, Earlier, to explain the results obtained in the reduction of the methylcyclohexanones, 
Dauben and co-workers [5] expressed the theory that the ratio of the formed cis- and trans-isomers of the methyl- 
cyclohexanols depends on two factors; steric ("Steric approach control") and energetic, the latter including the rela- 
tive stability of the possible reaction products ("product development control"), . 


It seemed of interest to us to verify this theory for the case of the reduction of the methylcyclohexanones using 
diisobutylaluminum hydride (iso-C,Hg),A1H, where, obviously, the influence of the steric factor should be menifested 
more clearly, since in this compound the aluminum is attached to more bulky substituents than in the case of lithium 
aluminum hydride, In its reducing ability diisobutylaluminum hydride should lie close to lithium aluminum hydride, 
while for studying the reduction reaction it possesses the advantage that it is easily available in the pure state, We 
studied the reduction of 2-methyl-, 3-methyl- and 4-methylcyclohexanones at various temperatures and in a number 
of solvents (ether, toluene, hexane), The obtained results are summarized in the table, For comparison, we have in- 


cluded in the table the data of other authors on the reduction of the methylcyclohexanones with lithium aluminum 
hydride, 


Amount of Methylcyclohexanol Isomers 


Amount, % 


Reaction tem- of trans-isomer of trans- 
Compound Solvent perature, °C isomer in 
using (iso-C,4Hg)2Al1H | using LiA1H, equilibrium 


mixture 


2-Methylcyclo- 43 (47)* 70[4], 59[3] | 85[4), 83[3] 
hexanone 44 (48)* 


3-Methylcyclo- 18 13[4], 7[3] | 22[7] 
hexanone 18 


4-Methycyclo- 67 84[4], 80[ 7] | 71[ 4], 70[ 7) 
hexanone 68 
Hexane 60 
Toluene 56 
Without solvent 56 


* Amount of the trans-isomer in % based on the density values d™,, determined by Hiickel [3]. 


As can be seen from the table, the greatest difference in the ratio of the isomers when comparing reduction 
with diisobutylaluminum hydride vs, reduction with lithium aluminum hydride is observed for the case of 2-methyl- 
cyclohexanone, The greatest deviation of the obtained composition of the isomeric alcohols from the equilibrium 


composition if also observed in this case, in which connection the less stable cis-isomer is present in the greater 


amount, This result definitely suggests the presence of the steric effect in the reduction of 2-methylcyclohexanone 
and is in agreement with the theory expressed by Dauben and co-workers [4]. 


When 3-methylcyclohexanone and 4-methylcyclohexanone are reduced with diisobutylaluminum hydride the 
composition of the mixed isomers lies very close to the equilibrium composition, which is also in agreement with 
the postulation of Dauben and co-workers, since in the case of unhindered ketones the main factor is the energetic, 
When 4-methylcyclohexanone is reduced with difsobutylaluminum hydride the amount of the stable trans-isomer 
is considerably less than when reduction is with lithium aluminum hydride, When using diisobutylaluminum hydride 
for reduction we did not observe the temperature to have any noticeable effect, whereas according to the data of 
Hiickel and co-workers [3] such an effect does exist in the case of lithium aluminum hydride, The solvent does have 
some effect on the composition of the mixed isomers when reduction is with diisobutylaluminum hydride, Thus, the 


reduction of 4-methylcyclohexanone in toluene, hexane, or without solvent, yields less of the more stable trans- 
isomer than when reduction is in ether, 


EXPERIMENTAL 


The starting methylcyclohexanones had the following constants; 2-methylcyclohexanone (purified through the 
semicarbazone) — b, p. 83° (48 mm); n°°D 1,448; d*°, 0,9161; f, p. ~13.1°; 3-methylcyclohexanone (purified through 


the semicarbazone)— b, p. 62-63° (20 mm): 1,4438; 0.9147; 0.9067; f.p. —74.5°; 4-methylcyclohexanone 
— b.p. 64-65° (20 mm); n*°D 1.4428; d°, 0.9073; f. p. —42.8°. 


Reduction of methylcyclohexanones, The isomer ratio in the mixed methylcyclohexanols was established by 
measuring the density, The following density values d°°, were taken: for cis-2-methylcyclohexanol 0.9274, trans 
0.9174 [8]; for cis-3-methylcyclohexanol 0,9065, trans 0.9138 [9]; for cis-4-methylcyclohexanol 0.9173, trans 0.9040 
{10}. In all of the experiments the amount of starting ketone in the obtained methylcyclohexanol did not exceed 0.5%, 

2-Methylcyclohexanol, With stirring and cooling to —60°, a solution of 8,5 g (0,076 mole) of the ketone in 
12 ml of dry ether was added to 13,8 g (0.097 mole) of diisobutylaluminum hydride in 24 ml of ether, After all of 
the ketone had been added the reaction mixture was kept at —60° for another 12 hr, and then decomposed with 5% 


H2SQ,. We obtained 7.8 g (91% of theory) of mixed isomeric 2-methylcyclohexanols with b. p, 73-74,5° (20 mm); 
0.9231, 


SUMMARY 


The stereochemistry of the reduction of the 2-, 3- and 4-methylcyclohexanones by diisobutylaluminum hydride 


was studied and it was found that in the case of 2-methylcyclohexanone the steric factor e xerts an influence on the 
reduction course, 
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Up to now the alkylation of cycloalkane hydrocarbons has remained almost completely unstudied, Pines and 
Ipatieff [1] studied the alkylation of methylcyclopentane with olefins in the presence of either H,SO, (100%) or HF. 
The process went in a very complex manner, For example, in the reaction with butylenes, instead of the expected 
disubstituted cyclopentane derivative, the trisubstituted 1,3-dimethyl-5-ethyl- and 1,3-dimethyl-4-ethylcyclo- 
hexanes were obtained, Under analogous conditions, Mamedaliev with Kuliev [2] and Mamedova [3] alkylated 
methyl-, ethyl-, and isopropylcyclohexane with propylene and with butylene, The obtained alkylates containe 20- 
30% (60-70%, based on the converted cyclane) of direct alkylation products, However, the unsubstituted cyclopen- 
tane and cyclohexane are not alkylated under these conditions, 


In the present paper the direct alkylation of cyclopentane with ethylene and with propylene, employing high 
temperatures and pressure, was accomplished for the first time. The principal reaction products were isolated and 
characterized, and a study was made of the effect of temperature and pressure on the course of the process, 


EXPERIMENTAL 


The experiments were run in an apparatus of the flow type [4]. A liquid pump was used to feed the mixture 
of cyclopentane and olefin into the reactor, which was heated in an electric furnace, The reactor, having a volume 


of 120 ml, was filled with pieces of quartz, The catalyzate was discharged continuously through a fine control valve, 
The starting cyclopentane had: b, p. 48,5-49,5°; m°°D 1,4072; d”°, 0,7456, The ethylene contained 6% ethane, and 
the propylene contained 13% propane, The alkylates were fractionated through a very efficient column, Both the 
isolated wide and narrower fractions were analyzed by the method of gas-liquid chromatography, using a column 

2.5 m long and temperatures of 100 and 140°; dibutyl. sebacate was used as the stationary phase, The apparatus was 
quantitatively calibrated in advance using pure hydrocarbons, The low-boiling cracked products and the high-boil- 
ing residue, contained in the alkylate, were not analyzed, 


Alkylation with ethylene, From the table it can be seen that the reaction goes even at 350° and a pressure of 
200 atm, Both the yield of alkylate and the degree of conversion increase with increase in the temperature and pres~ 
sure, The ethylene taken for reaction was absorbed completely at a temperature of 450°, The chromatogram of one 
of the catalyzates, including the hydrocarbons up to Cg, is given in Fig. 1, The curve for the fractional distillation 
of this catalyzate is also given in Fig, 1. The principal reaction products are ethylcyclopentane (peak III), diethyl- 
cyclopentanes (peaks IV and V), and butylcyclopentane (peak VI), The horizontal portion on the distillation curve 
corresponds to each of these peaks, After removal of the cyclopentane from the alkylate, the following fractions 
were isolated by fractional distillation: I— monoethylcyclopentane (b, p, 100-105°), and II — diethylcyclopentane 
(b. p. 145-160°), The unsaturation of the alkylate was low, for example, in the experiment at 200 atm and 450° 
the bromine number of fraction I was 4, and that of fraction II was 15, After removal of the unsaturates by chro- 
matography on silica gel, fraction I had: b, p. 101.9-102,3° (739 mm); °D 1.4204; a™, 0.7658, According to the 
literature data [5] for ethylcyclopentane: b. p. 103.47°; °D 1.4198; d?°, 0.7665, The chromatogram of fraction I 
had only one peak, from the effluent time coinciding with pure ethylcyclopentane, After removal of the unsaturates, 
fraction II boiled mainly in the range 148-154°; r”4-*p 1.4293; d?°, 0,7826; the properties of this fraction correspond 
to diethylcyclopentane, From the literature data [5], the constants of the four isomers of diethylcyclopentane vary 
in the range: b. p. 147,5-153,5°; 1.4274 — 1.4356; 0.7831 — 0.8027, 


From the table it can be seen that the yield of ethylcyclopentane reaches 36% of the weight of alkylate and 
65% of the weight of the wide fraction, The chromatogram of the 148-154° fraction is shown in Fig. 2, Apparently, 


Ne 


Experimental » Amount of fractions in mount of alkyicyclo- 
entanes i 
conditions |alkylate, wt. % 
| O 
> oO « 
oO 


~ 


Oe OO 


5,0 | 1,7 100 2 — 
450 | 200 | 3,5 | 0,80 84 220 29 _ 27 
450 | 450 | 2,4 | 0,83 a 157 30 —_ 25 50,5 
450 | 450 | 4,6 | 0,66 97,5} 270 -- — _— 
450 | 450 | 2,2 | 0,48 95,0} 162 22 _ 33 


action using ethylene, and Cg—C,, for the reaction using propylene, 
**Methylcyclopentane (6%) and ethylcyclopentane (7%) were also identified, 
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Fig. 1. 


Fig, 2. 


Fig, la, Curve for the fractionation of the alkylate obtained from cyclopen- 
tane and ethylene (450°, 200 atm), 1b) Chromatogram of the product from 
the alkylation of cyclopentane with ethylene: I) cyclopentane; II) methyl- 


cyclopentane; III) ethylcyclopentane; IV and V) diethylcyclopentanes; VI) 
butylcyclopentane, 


Fig, 2, Chromatogram of 148-154° fraction, 


* Determination by the chromatographic method in the fractions: Cg—C, for the re- 


§ 
Alkylation with ethylene 
350 | 200 | 4,4 | 42 110 
400 | 200 0,9 58 104 _ — — 65 19 
450 | 100 0,76) 100 145 27 10 40 60 30 
450 | 200 0,95} 100 165 30 18 39 _ — 
450 | 200 0,46 94 160 34 17 35 63 25 
450 | 450 1,45} 100 177 36 10 4l 63 26 
500 | 200 A | 1:0 98 248 — — 30 58 | 22 
; Alkylation with propylene 
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the left and middle peaks correspond to isomers of diethylcyclopentane, while the right peak, from the effluent time, 
coincides with pure n-butylcyclopentane, The addition of pure n-butylcyclopentane of the analyzed sample increased 
the area of the right peak, The narrower fractions isolated from fraction II give a similar picture, differing only in 
that the area of the right peak increases with increase in the boiling point of the fraction, 


Alkylation with propylene is more difficult than with ethylene, and the propylene was not absorbed at 100 atm, 
From the alkylates of the experiments run at 200-450 atm of pressure we isolated by fractional distillation the low 
boiling cracked products (up to 33% of the alkylate), a propylcyclopentane fraction, and a higher boiling residue, 
After chromatographing on silica gel this fraction had b, p, 128,2-129,2° (735 mm); °D 1.4264; d?°, 0.7736, Accord- 
ing to the literature [5] the constants for n-propylcyclopentane are: b, p, 130.95°; d?0, 0.7763; ©°D 1.4263, Accord- 
ing to the effluent time, the main peak of this fraction on the chromatogram corresponds to n-propylcyclopentane, 
From the residue, after removal of the unsaturates and high boilers, we isolated a fraction with b, p, 189-193°; rp 
1,4392; , 0.7958, which is probably a mixture of isomeric dipropylcyclopentanes, not reported in the literature, 


Recently [6] it was shown by us that cyclohexane during thermal alkylation adds to the terminal unsaturated 


atom of the olefin (propylene, isobutylene), In the present study it was found that cyclopentane also reacts with 
propylene in a similar manner: 


SUMMARY 


1, The alkylation of cyclopentane with ethylene and propylene under pressure was accomplished for the first 
time, and a study was made of the influence of the experimental conditions on the course of the process, 


2, During thermal alkylation, cyclopentane adds to the terminal unsaturated C-atom of propylene, 
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AMINOTRIAZOLES IN THE MANNICH REACTION 


S. S. Novikov, V. A. Rudenko, and B., M. Brusnikina 


N, D, Zelinskif Institute of Organic Chemistry, Academy of Sciences of the USSR 


Translated from Izvestiya Akademii Nauk SSSR, Otdelenie Khimicheskikh Nauk, 
No, 6, pp. 1148-1149, June, 1961 


Original article submitted December 6, 1960 


Continuing our study of the behavior of various heterocyclic amines in the Mannich reaction, we investigated 
the condensation of 4-amino-1,2,4-triazole and certain 3,5-dialkyl-4-aminotriazoles with formaldehyde and gem- 
dinitroethane to yield the corresponding 4-(2,2-dinitropropyl)amino-1,2,4-triazoles: 


N—N N—N 
RC CR -+-CH,O + CH;CH (NO,). RU CR 
w YY NO, (1) 
Nu, NHCH,CCH, 
NOs 


where R = H, or CoHs. 


During the course of the work we studied the influence of the reaction conditions (temperature and ratios of 
the reactants) on the yields of the condensation products, It was shown that the best conditions for the condensation 
of 4-amino-1,2,4-triazole, and also of the 3,5-dimethyl-4-amino- and 3,5-diethyl-4-amino-1,2,4-triazoles, with 
formaldehyde and gem-dinitroethane are a temperature of 50-60° and no catalyst, Under these conditions the cor- 
responding 4-(2,2-dinitropropyl)amino-1,2,4-triazoles, representing white crystalline compounds, readily soluble in 
many organic solvents (acetone, methanol, ethyl acetate), are obtained in high yields (75-86%), The optimum ratio 
of the reactants is a 25-50% excess of the amine with an equimolar ratio of the formaldehyde and gem-dinitroethane, 


Using an excess of the gem-dinitroethane (from 5 to 100%) yields an oil, from which the condensation product could 
not be isolated, 


It could be postulated that when excess formaldehyde is used the reaction goes in accordance with the follow- 
ing scheme: 


N—N 


N-N N—N 
3% 
2RC CR-+3CH,O + 2CH,CH (NO,), -- RC CR RC CR 
| 
NH, CH,CCH,—N—CH,—N—CH,CCH, 


NO, NO, 


However, the experiments revealed that even with a 100% excess of formaldehyde the condefsation goes only 
in accordance with scheme (1), 
EXPERIMENTAL 


4-Amino-1,2,4-triazole [2]. The compound was obtained by heating formic acid with hydrazine hydrate at 
200-210° for 4-5 hr; yield 80%; m. p, 76-77° (from absolute alcohol), 


3,5-Dimethyl-4-amino-1,2,4-triazole [2], Obtained by heating acetic acid and hydrazine hydrate at 220- 
230° for 5 hr; yield 75%; m. p, 195-196° (from alcohol), Literature data: m, p, 196,5-197,5°. 


3,5-Diethyl-4-amino-1,2,4-tiazole [2]. Obtained by heating propionic acid and hydrazine hydrate at 220- 
230° for 5 hr; yield 68%; m. p, 165,6-166,5°, 
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Condensation of 4-amino-1,2,4-triazole with formaldehyde and gem-dinitroethane, With cooling to 0° and 
stirring, a solution of 10,2 g (0.12 mole) of 4-amino-1,2,4-triazole in 5 ml of water was added to 9.4 ml of a 32% 
aqueous solution of formalin (0,1 mole), The temperature rose rapidly to 15°, Then 12 g (0,3. mole) of gem-di- 
nitroethane was added at 5°, after which the mixture was heated at 50-55° for an hour, The crystals obtained on 
cooling to room temperature were filtered and dried in the air to give 16,2 g of 4-(2,2-dinitropropyl)amino-1,2,4- 
triazole; colorless crystals, readily soluble in methanol and acetone; m, p. 140,5° (from alcohol); yield 75%. Found: 
C 27,80, 27.68; H 3.71, 3.64; N 38,95, 38.74%. CsHgO,N,g. Calculated: C 27,78; H 3.70; N 38,88%, 


Condensation of 3,5-dimethyl-4-amino-1,2,4-triazole with formaldehyde and gem-dinitroethane, With cool- 
ing to 0° and stirring, a solution of 4 g of 3,5-dimethyl-4-amino-1,2,4-triazole (0,035 mole) in 8 ml of water was 
added to 2,82 ml of a 32% aqueous solution of formalin (0.03 mole), The temperature rose to 12°, Then 3.6 g 
(0,03 mole) of gem-dinitroethane was added at 4-5° and the mixture was heated at 55-60° for 1 hr, After cooling, 
the crystals were filtered, washed with ether, and dried in the air, We obtained 4,8 g of 3,5-dimethyl-4-(2,2-di- 
nitropropyl)amino-1,2,4-triazole; white crystals, readily soluble in methanol, alcohol, and acetone; m, p, 94° (from 
water), An additional 1,3 g of the compound was isolated from the mother liquor; total yield 83.5%. Found; C 34,33, 
34,39; H 5.07, 5.00; N 34,52, N 34,64%, C7HpONg. Calculated; C 34,43; H 4,91; N 34.41%, 


Condensation of 3,5-diethyl-4-amino-1,2,4-triazole with formaldehyde and gen-dinitroethane, With cooling 
to 0° and stirring, a solution of 2,1 g (0,015 mole) of 3,5-diethyl-4-amino-1,2,4-triazole in 10 ml of water was added 
to 0.94 ml of a 32% aqueous solution of formalin (0,01 mole), The temperature rose to 15°, Then 1,2 g (0,01 mole) 
of gem-dinitroethane was added at 5° and the mixture was heated at 60° for an hour. On cooling to room tempera- 
ture the turbid solution deposited an oil, which crystallized after standing for 2-3 days, The crystals were filtered 
and dried in the air to give 1.8 g of 3,5-diethyl-4-(2,2-dinitropropyl)amino-1,2,4-triazole as colorless prisms, readily 
soluble in acetone, alcohol, methanol, dioxane, ethyl acetate, and benzene; 'm, p. 99-100° (from benzene) and 103° 
(from water), 


An additional 0.55 g of the compound was isolated from the mother liquor; total yield 86.4%, Found: C 39,46, 
39,55; H 5,91, 5,88; N 30.41, 30.30%, CgHygQ,Ng. Calculated; C 39,70; H 5,88; N 30.88%, 


SUMMARY 


4-(2,2-Dinitropropyl)amino~-1,2,4-triazoles are the products obtained by the condensation of 4-amino~-1,2,4- 
triazole and its homologs with formaldehyde and gem-dinitroethane, Condensation products containing two molec- 
ules of the amine were not found, 
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THE SELECTIVITY OF THE HYDROGENATION OF 
2-ETHYLANTHRAQUINONE OVER NICKEL CATALYST 
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As is known, quinones of the anthraquinone series easily add hydrogen not only to the quinone groups, but also 


to the aromatic bonds in the side rings, Here, together with the hydroquinone, both the tetrahydroquinone and octa- 
hydroquinone can be formed, 


In the present paper we studied the influence of temperature and some other factors on the rate and selectivity 
of this reaction on nickel, The hydrogenation was run in a duck [horizontal glass vessel with vertical openings at 
each end] in conventional manner with vigorous mixing (800 r.p.m.), The selective nickel catalyst was prepared by 
leaching Ni: Al alloy (50: 50) at 20° and subsequent heating at 100°[1]. We selected dioxane as the solvent, in which 
the hydrogenation is not as selective as in polar solvents (alcohol, dimethylformamide), For each experiment we took 
2.37 g of the quinone in 30 ml of dioxane and 0,30 g of freshly prepared catalyst. In contrast to previous work [2, 3], 
in the present study we used a catalyst of average activity, the specific activity of which remained constant with in- 


crease in its amount, The absorption rate of the first mole of hydrogen was only 2-3 times as fast as the absorption 
rate of the second mole, 


The kinetic curves for the hydrogenation of 2-ethylanthraquinone are given in Fig, 1. From Fig, 1 it can be 
seen that in the entire temperature range from 20 to 80° the reaction does not stop when one mole of hydrogen has 


been absorbed (formation of the hydroquinone) one side 


Ay mil ring of the quinone is hydrogenated at a faster rate, The 
At ;min4 second ring begins to hydrogenate after the absorption of 
3 


three moles of hydrogen, but here the reaction rate is much 
slower, 


4 The dependence of the hydrogenation rates of the 
4 quinone groups and the aromatic ring of 2-ethylanthra- 


quinone on the temperature is shown in Fig, 2a, The rates 


— at the time 0,5 mole and 1,5 moles of hyd had be 
vere ee ee Oe absorbed were taken for comparison, From Fig. 2a it can 
Fig. 1, Kinetic curves of the hydrogenation of 2- be seen that from 20 to 80° the hydrogenation rate of the 
quinone groups (curve 1) increases linearly with increase 
ethylanthraquinone in dioxane at various tempera- 
cures: 1) 20°; 2) 40°; 3) 60%: 4) 80°, n emperature, For the second stage (curve 2) some 


reduction in the rate of increase of the reaction rate is 


observed when the temperature is increased from 60 to 80°, 
The nonexponential dependence of the rates of both reactions on the temperature is probably explained by a decrease 


in the concentration of active hydrogen on the catalyst surface with increase in the temperature, 


OH OH OH 
OH OH OH 
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The extent to which the quinone groups were selectively hydrogenated was determined by the amount of 2- 
ethyltetrahy droanthrahydroquinone formed during the absorption of the first mole of hydrogen, For this purpose sam- 
ples of the catalyzate were removed during the course of reaction, After oxidation, these samples were subjected 
to polarographic analysis, It proved that under the studied conditions varying the temperature in the range 20-80° 
is essentially without effect on the selectivity of the hydrogenation of 2-ethylanthraquinone, At all of the tempera- 
tures, the amount of tetrahydroanthrahydroquinone present in the catalyzate at the end of the absorption of the first 


mole of hydrogen is about 4-8%, and this amount is formed mainly after the absorption of the first 0,5 mole of hydro- 
gen (Fig, 2b), 


It should be remembered that the vapor pressure of the dioxane solvent is increased substantially when the tem- 
perature is raised (about 400 mm of Hg at 80°), and this results in a corresponding decrease in the partial pressure of 
the hydrogen. This can explain why the selectivity is not impaired when the rate of increase in the reaction rate 
slows up with increase in the temperature. 

If judging by the concentration of 2-ethyltetrahydroanthrahydroquinone in the solution (4—8%), the selectivity 
of the process is not changed noticeably when the amount of catalyst is increased from 0,1 to 5 g (50-fold). It should 
be mentioned that with large amounts of catalyst the concentration of the quinones in the solution decreases (by 20%) 
due to adsorption on the catalyst, The distribution of the quinones between the solution and the catalyst surface was 
not investigated, 

As had already been indicated in [2, 3], in the presence of skeletal nickel catalyst both the rate and the selec 
tivity of the hydrogenation of the quinone groups in 2-ethylanthraquinone depend essentially on the nature of the sol- 
vent. In polar solvents (alcohol, dimethylformamide) the hydrogenation rate at 20° of the quinone groups in 2-ethy- 
lanthraquinone is higher, while the hydrogenation rate of its side rings is lower, than in dioxane, Now it was estab- 
lished by us that dimethylformamide exerts the same effect when 2-ethylanthraquinone is hydrogenated at a higher 
temperature (60°), From Fig. 3 it can be seen that at this temperature the reaction rate during the first stage is more 
than 3 times as fast in dimethylformamide as in dioxane, whereas the aromatic ring is practically not hydrogenated, 


Less than 1% of the tetrahydroquinone was formed after the absorption of one mole of hydrogen and additional shaking 
with the catalyst for 7 hr. 


= 


R 
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Fig. 2a, Dependence of the reaction 
rates on the temperature: 1) hydro- 
genation of quinone groups; 2) hydro- 
genation of ring, 2b) Accumulation 
of the tetrahydroquinone during the 
absorption of the first mole of hydro- 
gen, 


Fig. 3, Kinetic curves of the hydrogena- 
tion of 2-ethylhydroquinone at 60°; 1) in 
dioxane; 2) in N,N-dimethylformamide, 


Previously it had been established that the selectivity 
of the skeletal nickel catalyst is increased by treatment 
with steam under pressure [4], We ran an analogous experi- 
ment and found that 2-ethylanthraquinone absorbs practic- 
ally only one mole of hydrogen, i.e., the ring of the quinone is not hydrogenated, when using a catalyst that had 


been treated with steam at 190-200° for 1 hr, At the same time, the hydrogenation rate of the quinone groups de- 
creases due to the general deactivation of the catalyst, 


a b AV ml 
ml 4t min 
dt min b0 
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60 
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SUMMARY 


1, The selectivity of the hydrogenation of 2-ethylanthraquinone on skeletal nickel catalyst in dioxane solu- 
tion is practically independent of both the amount of catalyst and the temperature in the interval 20-80°, 


2, Steam-treated nickel catalyst selectively catalyzes the hydrogenation of 2-ethylanthraquinone to the hy- 
droquinone, 
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As was shown in one of the preceding articles [1], the condensation of trans-1-vinyl-6-keto-9-methyl-A'- 
octalin (I) with quinone gives, as the main reaction product, the adduct (II) with the angular methyl group in the 
cis-position relative to the hydrogen atoms on Cg, Cys, and Cy,. Owing to the presence of a free keto group, how- 
ever, this diene could not be used directly in diene condensations with cyclopentenedione-1,3, as was done earlier 
in the case of 1-vinyl-6-methoxy-3,4-dihydronaphthalene [2], In order to protect the oxygen function in diene (I), 
we prepared its derivatives (III) and (IV), which also was studied in diene-synthesis reactions, It was found that these 
dienes (without isolation in pure form) could be condensed relatively easily with cyclopentenedione-1,3, as a result 
of which individual adducts (V) and (VI) were obtained; the structures of the latter must correspond to derivatives of 
18-nor-14-iso-A 11) _androstene-15,17-dione, The IR spectra of these adducts show the presence of a completely 
enolized keto group in ring D, Since adducts (V) and (VI) were isolated as the main reaction products of the diene 
synthesis, their configuration may be considered analogous to that of adduct (II), In order to confirm that the same 
regularities of steric directivity of diene synthesis, which apply to the original 1-vinyl-6-keto-9-methyl-A*-octalin 
(I), are characteristic of dienes (III) and (IV), we studied the condensation of diene (III) with quinone, 
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On reduction of the resulting mixture of adducts (VII) with zinc in acetic acid we isolated diketoacetate (VIII) 
as the main reaction product; its configuration was proved by conversion to the isomeric triacetates (Xa, b), described 
earlier [3], The results obtained show that in the condensation of diene (III) with quinone the main product is the 
isomeric adduct (VII) whose configuration is identical with that of adduct (II), described earlier [1]. This provides 
sufficient grounds for considering that adducts (V) and (VI) are derivatives of 18-nor-14-isoandrostene, and their con- 


figuration corresponds to the cis-arrangement of the Cg, Cys, and Cy, hydrogen atoms relative to the angular methyl 
group. 


EXPERIMENTAL 


DL -18-nor-14-iso-3- acetoxy -A%)- androstene-15,17-dione (V). To 1.9 g of crude diene (III), prepared 
through the reduction of diene (I) with lithium borohydride and subsequent acetylation, a solution of 0.9 g of cyclo- 
pentenedione in 7 ml of benzene was added, After standing for 9 days at room temperature 0,7 g of the adduct, 

m, p. 207-208°, was filtered out, After crystallization from aqueous methanol there was obtained 0,55 g of diketo- 


acetate (V), m, p. 211-212; (in CHCl) 1722 (K 1325), 1575 (K 1593), Found: C 72,68, 72.98; H 8.12, 
8.17%. CopHyg0,. Calculated: C 72,70; H 7.93%. 


About 300 mg of a lower-melting product was isolated from the benzene solution; it was not further studied, 


DL-18-nor-14-iso-3-ethylenedio - AX). androstene-15,17a-dione (VI). To 1 g of crude diene (IV), pre- 


pared by boiling diene (I) with ethylene glycol in benzene in the presence of p-toluenesulfonic acid, a solution of 

0.5 g of cyclopentenedione in 4 ml of benzene was added, and the mixture was left at room temperature, After 2 
days 1,18 g of separated-out crystals was filtered out; they did not have a sharp melting point, but partially liquified 
at 205-211°, Recrystallization from methanol gave 360 mg of diketone (VI), m, p. 227-228°; v (in CHCls) 1739 em” 
(K 795), Found: C 72,68, 72.75; H 7.77, 7.79%. CopHggO4. Calculated: C 72,70; H 7.93%. No other individual 
products could be isolated from the mother liquors, 


DL-18-nor-D-homo-14-iso-3-aceto 


- A%11) androstene-15,17a-dione (VIII), Tolg of crude diene (III), a 
solution of 0.49 g of quinone in 7 mi of benzene was added, and the mixture was left at room temperature, After a 


week the benzene was distilled off, ether added to the residue, and 0,9 g of a mixture of adducts (VII), m. p, 132-134", 
filtered out, This mixture was dissolved in acetic acid and reduced with 0.7 g of zinc dust, There was obtained 0,67 g 
of crystals with m. p, 162-165°, which on recrystallization from methanol gave 480 mg of diketone (VIII), m. p. 182- 


183°; v (in CHCl,) 1717 cm™! (K 2940), Found: C 73,05, 73,02; H 7.88, 8.11%. CoyHg0,. Calculated: C 73,22; 
H 8.19%, 


From the mother liquor about 50 mg of crystals of the second isomer (VIIa), m, p. 156-157° (from aqueous 
methanol), was isolated, Found: C 72,78; H 8.32%. Co;H2g0,. Calculated: C 73,22; H 8.19%, 


DL-18-nor-D-homo-3- acetoxy - A%4)-androstene-15,17a-dione (IX). A solution of 0,2 g of diketone (VIII) 


in 6 ml of benzene was poured into an aluminum oxide column containing 2% of potassium hydroxide, left for 2 hr, 
and the product eluted with benzene and dioxane, After three crystallizations from aqueous methanol there was 
obtained 80 mg of diketone (IX), m. p. 158,5-159.5°; v (in CHCl,) 1719 em! (K 2680), Found: C 73.17, 73.36; 


H 7.97, 7.95%. Co,Hpg0,. Calculated; C 73,22; H 8.19%. A sample, mixed with the above-described diketone 
(VIIa), melted at 136-144°, 


DL-18-nor-D-homo-3,15,17-triacetox ~A%1). androstenes (Xa, b), A solution of 0,1 g of diketone (IX) in 
20 ml of alcohol and 5 ml of dioxane was reduced with 40 mg of sodium borohydride, The resulting product was 

acetylated; after chromatographing on aluminum oxide and elution with benzene, triacetate (Xa), m. p. 160-161° 
(from aqueous methanol), was obtained, On elution with ether the isomeric triacetate (Xb), m. p. 194-195° (from 


aqueous methanol), was isolated, Both triacetates (X) give no melting-point depression with known samples des- 
cribed earlier, 


SUMMARY 


18-nor-14-iso-A%")- androstene-15,17-dione derivatives (V) and (VI) were prepared on the basis of the diene 


condensation of trans-1-vinyl-6-acetoxy- and trans-1-vinyl-6-ethylenedioxy-9-methyl-4'-octalins with cyclo- 
peatenedione-1,3, 


— 
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Processes, occurring in the radiolysis of aqueous solutions, have been explained by resorting to concepts of 
hydrogen bonds through which energy can be transmitted in water for considerable distances to any fon or molecule 
{1, 2]. Since temperature affects the structure of water (see, e.g. [3]), it is to be expected that as the temperature 
rises, the efficiency of energy transmission through the hydrogen-bond system should decrease, and hence the tem- 
perature coefficient of radiochemical nonchain reactions in sufficiently-dilute aqueous solutions, should be negative, 


Data on the temperature dependence of the well-known radiochemical reactions of Fe** oxidation and Ce“ reduc- 
tion, are given in the table, 


Temperature Dependence of Radiochemical Reactions 


Type of 
radiation 


Investigated | Temperature | Apparent activa- 
temperature | coefficient in |tion energy, cal 
interval, °C |% per 1° 


Solution composition ture 


Ce(SO,)2 


[4] 
~1,2°1074 MCe(NHy)g* | Ray -rays [5] 
*(SO4)s in 0.8 NH2SO, 
0,03 M Ce(SQ,)2 [6] 
107° M FeSO, and10* 
NaCl in 0.8 N HpSQ, \ Co” y -rays +0,04£0,03 [7] 
Co™ y -rays +0.2 +5504 50 [8] 
1,82-107° M FeSO, Ra y -rays 0 [9] 


The opposite signs of the temperature coefficients of these reactions, are noteworthy, This difference cannot 
be due to the effect of temperature on the diffusion of water-radiolysis products, since the radiochemical yields of 
G(Fe**) = 3Cqj + 2Cy,0, + Goy and G(Ce™*) = Gy + 2Gy1,0, — Gon ate determined by reactions of the same radio- 
lysis products, The observed difference apparently is due to a difference in the groupings surrounding the correspond- 
ing ions of variable valence in the solutions under investigation, In solutions of ceric sulfate in 0,8 N H2SO,,Ce* 
fons are not hydrated, and occur mainly in the form of Ce(sO,)3” fons not containing hydrogen or hydroxyl ions [10], 
In acid solutions of ferrous sulfate Fe** ions, as is well known, are surrounded by a hydration shell, Therefore, despite 
the fact that as the temperature rises in both reaction systems, the efficiency of energy transmission through the hy- 
drogen bonds decreases, the positive temperature coefficient of the Fe”* -oxidation process as a whole is due to the 
predominant role of reactions in the hydration shell of the Fe** ion, having a positive temperature coefficient, 


Thus investigation of the temperature dependence of a number of radiochemical nonchain reactions and com- 
parison of their temperature coefficients may give direct information both on the process of energy transmission 
through intermolecular bonds and on reactions taking place in the immediate vicinity of the cation of variable val- 
ence, It is interesting to note that when the temperature dependence of G(Ce**) is plotted, according to data of 
[5, 6}, in log G—1/T coordinates in both cases, despite the considerable dispersion of the experimental data, a region 


is clearly visible, in which G(Ce**) is practically independent of the temperature if the latter does not exceed 27°, 
y P' y pe 


This possibly is due to the persistence of a considerable proportion of hydrogen bonds in aqueous solutions in the 
given temperature range [3]. 


SUMMARY 


1, A hypothesis on the negative temperature coefficient of radiochemical nonchain reactions in dilute aqueous 
solutions, is advanced, 


2, The temperature coefficients of the radiochemical reactions of Ce** reduction and Fe”* oxidation, are 


compared, The positive temperature coefficient for the latter reaction apparently is due to the positive tempera- 
ture coefficients of reactions in the hydration shell of the ion. 
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As we noted earlier [1, 2], sulfinic acids are similar in many ways to carboxylic acids in their chemical be- 
havior toward metal ions, In connection with this a successful attempt was made to synthesize and to study o-hydroxy- 
benzenesulfinic acid, which is a structural analog of salicylic acid; the sulfo derivative of the latter is widely used 


in analytical practice, The chemical properties of the new reagent and its advantages over salicylic acid were des- 
cribed in the above-mentioned article [1], but its synthesis was not published, 


o-Hydroxybenzenesulfinic acid was prepared by us for the first time on the basis of the general principal of sul- 
finic acid synthesis by Gattermann method [3], including the Sandmeyer reaction, This method was improved and 
modified in accordance with the properties of the product, since methods of extraction of sulfinic acids in general, 
and their purification in particular, have scarcely been described in the literature, 


EXPERIMENTAL 


Ten g of o-aminophenol was dissolved in a mixture of 5 ml of concentrated sulfuric acid and 100 ml of water. 
This solution was filtered, and diazotized by alternate, dropwise addition from separatory funnels of an ice-cooled 


mixture of 25 ml of concentrated sulfuric acid and 10 ml of water and a solution of 8 g of NaNO, in 25 ml of water, 
which was stopped when the reaction was finished, as shown by starch-iodide paper, 


The diazonium salt solution was added dropwise to a mixture of 70 g of copper powder and 100 ml of saturated 
sodium sulfite solution containing the solid phase of this salt (10-15 g), At first the reacting mixture turned red; at 
the end of the reaction the solution over the precipitate became green, The product formed was distributed between 
the solid and liquid phases, The solid phase was filtered out, and shaken several times with 50 ml portions of ether; 
the ethereal extracts were collected, Then the filtrate, left after removal of the solid phase, was extracted with 
similar portions, These ethereal extracts also were collected, and added to the ethereal extracts of the solid phase, 
The combined extract was filtered, and left to stand until its volume was decreased by evaporation to 200-250 ml. 
After this the solution, together with anhydrous sodium sulfate, was placed in a jar with ground glass stopper for 2 
days, and then the ether was evaporated in air until prismatic crystals appeared in the residue, These crystals were 


filtered out with a glass filter and recrystallized two or three times from absolute ether, Yield 2.5-3 g of product, 
Found: S 19,98, 20.03%, CgHgSO3. Calculated: 20.27%, 


o-Hydroxybenzenesulfinic acid (mol, wt, 158, 174) consists of colorless, prismatic crystals (m. p. 71°) very 
soluble in water, ether, alcohol, and acetone, Contrary to salicylic acid, this substance sublimes with difficultly 
(only in vacuo); it fluoresces weakly in ultraviolet light; with concentrated sulfuric acid it forms a blue coloration 
(qualitative reaction for the sulfino group), whereas a red color appears on addition of Ti** to this solution (qualita- 
tive reaction for the enol group) [4]. On prolonged standing in air and in solution o-hydroxybenzenesulfinic acid, 
like all sulfinic acids, decomposes [4]; moreover, it can be oxidized by strong oxidizing agents and reduced by 


strong reducing agents, No doubt its alkali and ammonium salts will be sufficiently stable in solution and especi- 
ally in the dry state, 


o-Hydroxybenzenesulfinic acid forms precipitates with quadrivalent cations, as well as scandium, bismuth, 
and lead, Moreover, this acid forms soluble, colored complexes with Felll, yVI, Coll, Nill and cull, This reagent 
enters into the main chemical reactions characteristic of salicylic acid. 


| 


SUMMARY 


A new analytical reagent has been synthesized — o-hydroxybenzenesulfinic acid; this is confirmed by its chemi- 
cal behavior, analysis for its sulfur content, and also qualitative reactions for analytical functional groups. 
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In our preceding articles [1-3] it was shown that the alkylation of tetralin by alkenes takes place only at el- 
evated pressure, In the presence of ZnCl, on Al,O3, Al,O3°SiO2, or ZnCl», the yield of alkyltetralins did not ex- 
ceed 25%, reckoned on initial tetralin, or 48%, reckoned on initial alkenes, The yield, reckoned on reacted tetra- 


lin, reached 70%, In the present work the possibility of alkylating tetralin with alkenes at atmospheric pressure is 
shown in the case of alkylation of tetralin by nonene-1, 


2 | 3CH,=CH CHs 


CH; 
CH, 
CH; 


The experiments were performed in a flask with a mechanical stirrer in the presence of metallic aluminum, 
which was highly recommended for benzene alkylation [4-6], The alkylation of tetralin by nonene-1 was carried 
out in n-nonane solution, Nonyl bromide was used to activate the aluminum, Freshly-prepared aluminum filings 
(0,01 mole) were added to a mixture of 0,25 mole of tetralin, 0.03 or 0.06 mole of nonyl bromide, and 20 mi of 
nonane, The mixture was first boiled (~170°) until the reaction began, at which time the reaction mass turned 
brown and evolved hydrogen bromide, After this the mixture was brought to the required temperature, 24 g of non- 
ene~-1 was introduced dropwise, and 40 ml of nonane was then added, The reaction mass was heated at the speci- 
fied temperature for 1-4 hr. On cooling, the reaction product was decomposed by water acidified with hydrochloric 
acid, and after the usual treatment was distilled in a column with an efficiency of 20 theoretical plates, In this 


case nonane-nonene, tetralin, and nonyltetralin fractions were taken, Results of typical experiments are given in 
Table 1, 


TABLE 1, Results of Alkylation of Tetralin by Nonene-1-in the Presence of 
Aluminum 


b.p. 190-200°(9mm) 


b.p. 200-230° 
of theoret. 


(9 mm) 


| 
Initial Duration of| Yield of nonyltetralin fractions 
bromide, ature, per. 
moles ment, hr 
0,03 140 3 26,0 40,5 10,0 
0,03 165 1 35,1 54,4 9,5 
0,03 165 2 35,0 54,4 10,5 
0,06 165 2 35,0 54,4 15,8 
0,06 165 3 32,3 49,7 10,0 
0,06 165 4 32,0 49,6 10,1 
0,06 185 2 35,1 54,4 14,5 
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From the data of Table 1 it is evident that in the alkylation of tetralin by nonene~-1 in the presence of 0,01 
mole of aluminum, 0,03 mole of nonyl bromide is sufficient for its activation, At 165° nonene-1 reacts completely 
with tetralin within 2 hr to form nonyl- and dinonyltetralins, The yield of crude nonyltetralin was 54.4% of theo-, 
retical, reckoned on the initial components, and 81,5%, reckoned on reacted tetralin, 


In order to determine the structure of the nonyltetralins we isolated the narrow fractions; I— b, p, 190° (7 mm); 
1.5120; 0.9117; II—b.p. 190-191° (7 mm); 1.5130; 0.9170, Found MR 84.53; 84.33. CygHgs. 
Calculated MR 84,14; IlI—b.p. 215-220° (6 mm); 1,5130; 0.9113. Found MR 126.2. CygHig. Calculated 
MR 125.7, 

These fractions were investigated by means of their IR spectra,* The IR spectra were taken with an IKS-12 
instrument in the 700-900, 1600-2000, and 2800-3000 cm™ regions, In the spectra of fractions I and II were found 
the 720, 725, 750w, 810s, 830s, 1612, 1750s, 1850, 1885s, and 2000 cm™ bands, which are characteristic of alkyl- 
tetralins substituted in position 6, In the spectrum of fraction III (b, p. 215-220°) the 727, 750, 828, 870, 1600, 
1730s, 1890, and 2000w cm™ bands were found, The spectrum of this fraction coincides with that of 6,7-di-n-hexyl- 
tetralin (spectrum in the Spectroscopy Commission, Academy of Sciences, USSR). In the 2800-3000 cm™ region the 
absorption coefficients €, and € were determined for the 2926 and 2956 cm™ bands, and the numbers cf CH, and 
CHg groups [7], given in Table 2, were calculated there from. 


TABLE 2, Results of Spectral Investigations of Nonyl- and Dinonyltetralin 
Fractions in the 2800-2000 cm™ Region 


Fraction Number umber 


of CH, e f CHg Structural formula 
number | sroy roup 


* The IR spectra were taken by E, D, Lubuzh, for which the authors express 
their thanks, 


SUMMARY 


Isononyl- and diisononyltetralins are formed in the alkylation of tetralin by nonene-1 in the presence of me- 
tallic aluminum activated by nonyl bromide. 
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Triallylboron is highly reactive toward reagents with mobile hydrogen; contrary to trialkylborons [1], it reacts 
with water, alcohols [2], and mercaptans [3] at room temperature; depending on the nature of the nucleophilic reag- 
ent and the ratio of the original substances, one or two allyl radicals are split off, and the corresponding diallyl or 
monoallyl boron compounds are formed, The increased reactivity of triallylboron is explained by the hypothesis, 
that the energy of the bonds between the allyl radicals and the boron atom is much lower than that of alkyl—boron 
bonds, which is based on comparison of the energies of bonds between allyl and alkyls and various other atoms [4]. 
As we found earlier [2], the reaction of triallylboron with n-butylamine requires a higher temperature than its reac- 
tions with water, alcohols, or mercaptans; however, the process goes much more readily than with trialkylborons [3], 


In order to find out the effect of the nature of the amines on the ease with which they react with triallylboron, 
we investigated its transformations on treatment with ethylamine, diethylamine, aniline, and ammonia, In the first 
stage of the reaction of triallylboron with amines, complex compounds are formed, Thus in the reaction of triallyl- 


boron and diethylamine heat is evolved and a complex (1) is formed, which splits off propylene at 100-130°, being 
converted to diallyl(diethylamino)boron in 93% yield, 


(C3Hs5)s B (C2Hs)2 NH (C3Hs5)3 B NH (CsHs)2 BN (CzH5)2 + 


The reaction of triallylboron with ethylamine goes similarly, giving ‘diallyl(ethylamino)boron as a final prod- 
uct, Triallylboron reacts more vigorously with aniline, evolving propylene on mixing of the reagents and being 


converted to diallyl(phenylamino)boron in 77,5% yield, With ammonia triallylboron forms a complex compound 
which on distillation gives a moderate yield of diallyl(amino)boron, 


NHs > [(CsHs)3B - — (C3Hs)2 BNH, 


EXPERIMENTAL 


All operations were carried out in a nitrogen atmosphere, 


Diethylamine-triallylboron, To 6,9 g (0.0515 mole) of triallylboron, 4,1 g (0,056 mole) of diethylamine 
was slowly added dropwise, the mixture being stirred and cooled so that the temperature within the reaction mass 
was 30-35°, Then the reaction mixture, cooled to 0°, was kept in vacuo (10 mm) for 10 min, There was obtained 


10.3 g (96.7%) of the triallylboron—diethylamine complex; d?°, 0.8397; 1.4812, Found: C 74,60; H 12.89; 
B 4,08%, CygHggBN. Calculated: C 75,37; H 12,65; B 5.22%, 


Diallyl(diethylamino)boron, When 8,4 g (0,405 mole) of the triallylboron—diethylamine complex was heated 
at 100-130°, 0,035 mole of propylene was evolved, The liquid was distilled in vacuo, There was obtained 6,2 g 
(92.6%) of diallyl(diethylamino)boron, b, p, 69-72° (11 mm), After redistillation diallyl(diethylamino)boron had 
b, p. 79-80° (20 mm); 0.8025; 1.4562, Found: C 72,98, 72.69; H 12,07, 12,06; B 6,77, 6.7%. CygHooBN. 
Calculated; C 72,75; H 12,21; B 6.55%, The substance fumed in air and dissolved in organic solvents, Diallyl- 


(diethylamino)boron could be prepared, without isolating the complex, by adding the amine to the triallylboron 
and then distilling the reaction mixture. 


Diallyl(ethylamino)boron, To 5,7 g (0,042 mole) of triallylboron, 2,7 g (0,059 mole) of ethylamine was 
added with stirring; the reaction mixture became quite warm, but no gas was evolved, When all the ethylamine 
had been added, the mixture was heated for 1 hr at 100-110°; in this case 0,035 mole of propylene was obtained, 


=| 


On distillation 4,9 g (85.2%) of diallyl(ethylamino)boron, b, p, 76-80° (51 mm), was isolated, On redistillation the 
substance had b, p. 63-64,5° (26 mm); d?%, 0.8394; 1.4686; b, 14-17°; it fumed in air, Found: C 69.62, 
69,63; H 11,55, 11.68; B 8.29, 8.07%. CgHygBN. Calculated: C 70,11; H 11.77; B 7.90%. 


Diallyl(phenylamino)boron, To 9.3 g (0.0696 mole) of triallylboron, 6,5 g (0.0696 mole) of aniline was added 
dropwise with stirring; the mixture became quite warm, Gas was vigorously evolved even on addition of the first 
drops of the amine, In this experiment 0,058 mole of propylene was obtained. On distillation of the liquid reaction 
products 9,9 g (77.4%) ‘of diallyl(phenylamino)boron, b, p. 77-78° (2 mm), was isolated; d®°, 0.9215; nD 1.5342. 
Found: C 78,09, 78,26; H 8,52, 8,55; B 6,41, 6.16%. CypHygBN. Calculated: C 77.87; H 8.71; B 5.84%, 


Diallyl(amino)boron, A current of dry ammonia was passed into triallylboron (8 g, 0.0597 mole) for 30 min, 
the temperature of the spontaneously-heating reaction mass being kept at about 60° by external water-cooling, On 
distillation of the solidified reaction mixture there was obtained 3,2 g (49.3%) of diallyl(amino)boron, b, p. 50-62° 
(18 mm), On redistillation diallyl(amino)boron had b, p, 58-60° (23 mm); a, 0.8686; n°°D 1.4902, Found: C 


66,13, 66,27; H 10,79, 10.99; B 9.93, 9.97%. CgHy»BN, Calculated; C 66,12; H 11.10; B 9.93%, The residue in the 
distilling flask (1,1 g) was a solid mass, 


SUMMARY 


On treatment of triallylboron with ammonia or amines, diallyl(amino)boron or N-substituted derivatives thereof 
are formed, 
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On the basis of the general method of building up isoprenoid chains through the condensation of unsaturated- 


aldehyde acetals with 1-ethoxyisoprene, which we developed earlier ‘1], a new, simple way to synthesize vitamin 
A, according to the following scheme, has been worked out, 


CH, 


ZnClo 
+ CH,=C—CH=CHOC,H, ——> 
(1) 


OC;Hs 


a (ml) 
CH,OH 
(Iv) 


The 6 -ionolideneacetaldehyde acetal (I), required for this, was formed in high yield in the reaction of orthoformic 


ester with 6 -ionolideneacetaldehyde which in turn was obtained in 75% (reckoned on the initial 1-ionone) by the 
Arens-van Dorp method [2], improved by us, 


The condensation of acetal (I) with ethoxyisoprene goes smoothly in the presence of zinc chloride, giving 
ethoxyaldehyde acetal (II) in 62% yield; the latter may be quantitatively hydrolyzed by orthophosphoric acid to 
vitamin A ethoxyaldehyde (I1I), Alkoxy groups in 6 -alkoxyaldehydes are usually split out by heating in the pres- 
ence of acids [3], which cannot always be used for complex polyene systems, We found that, in the case of ethoxy- 
aldehyde (III) this reaction readily occurs when the latter is chromatographed on alumina, and leads to a satisfactory 
yleld of vitamin A aldehyde (IV), We obtained vitamin A aldehyde by this method in the form of a 50% concen- 
trate which gave an intense Carr-Price reaction and had the 380 my absorption maximum characteristic of retinene, 
Reduction of this concentrate with lithium borohydride gave an oil which, according to its UV spectrum (A nfa 

324,5 my; € 23000), contained more than 50% vitamin A (V), The melting point and UV spectrum of the crystal- 
line 8 -anthraquinonecarboxylic ester obtained from it were the same as for the corresponding ester of natural vitamin 
A [4]. 


EXPERIMENTAL 


8 -Ionolideneacetaldehyde diethyl acetal (I), A mixture of 30 g of 8-ionolideneacetaldehyde, 31 ml of ethyl 
orthoformate, 12 ml of absolute ethanol, and 10 mg of p-toluenesulfonic acid was left for three days at room tem- 
perature, Then the reaction mass was neutralized with ethanolic sodium ethoxide solution, diluted with ether, and 
washed with sodium bicarbonate solution and water, The ethereal solution was dried with anhydrous potash and dis~- 
tilled invacuo, There was obtained 33,5 g (yield 83%) of B-ionolideneacetaldehyde acetal (I), b, p. 101-104° 
(0,06 mm); °D 1,5165, Found: C 78,33, 78,49; H 10,60, 10.90%, CyoHgO,. Calculated: C 78,02; H 11.03%. 
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Vitamin A ethoxyaldehyde acetal (II), To a mixture of 47.5 g of B-ionolideneacetaldehyde acetal (I) and 
6 ml of a 10% solution of zinc chloride in ethyl acetate, 9 g of ethoxyisoprene was added, with stirring, during 1 hr; 
in this case the reaction-mass temperature rose from 23 to 32°. Then the mixture was stirred for 45 min at room 
temperature and 15 min at 40°, after which the reaction mass was cooled, diluted with absolute ether, washed with 
5% sodium hydroxide solution and water, dried with anhydrous potash, and distilled; fr. I, b. p. 98-100° (0.25 mm), 
°D 1,5180; 25.7 g (original acetal 1); fr, II, b. p. 157-161° (0.25 mm), 157-161° (0,25 mm); nD 1.5140; 19,8 g. 
Fraction II (a thick, yellow oil) was vitamin A ethoxyaldehyde acetal (II), and its yield was 62%, reckoned on ethoxy- 
isoprene, Found: C 77,72, 77,77; H 10,85, 10.81%. CogHyyO3. Calculated: C 77,20; H 10.96%, 


Vitamin A ethoxyaldehyde (III), A mixture of 23 g of vitamin A ethoxyaldehyde acetal (II), 59 ml of 5% 
orthophosphoric acid, and 12,5 ml of ethanol was boiled in a current of nitrogen, with stirring, for 1 hr, After cool- 
ing, the mixture was diluted with ether, washed with sodium bicarbonate solution and water, dried with anhydrous 
magnesium sulfate, and distilled, There was obtained 16,8 g (90% yield) of vitamin A ethoxyaldehyde (III) in the 
form of a thick, yellow oil with b, p, 138-140° (0.07 mm); #°D 1.5377; Xanax (C2HsOH) 241.5 mp, € 18070; 276 


mp, € 15210; 332 mp, € 2480, Found: C 79.73, 79.61; H 10,60, 10.59%. Co,HyO,. Calculated: C 79,95; H 
10.37%, 


Vitamin A aldehyde (IV), A 6,3 g quantity of ethoxyaldehyde (III), dissolved in petroleum ether (b, p. 40-60°) 
was put into a column (d = 3 cm) containing 300 g of alumina of the third level of activity according to Brockman. 
On elution with petroleum ether (2300 ml) there was obtained 2,15 g of a faintly-colored substance with np 1.5285, 
which after distillation had b, p, 130-132° (0,08 mm); °D 1.5302; max (C2H;OH) 244.5 mp, € 15900; 276 mp, 
€ 13310, Found: C 79,73, 79.58; H 10,25, 10.49%. Co2HgO2. Calculated: C 79.95; H 10.37%, The isolated prod- 
uct did not change when it was rechromatographed on alumina; in its elementary analysis and UV spectrum it cor- 
responded to the original ethoxyaldehyde (III), and apparently was its geometrical isomer, 


On elution with 1100 ml of a petroleum ether—benzene mixture (3:1) there was obtained 1.8 g of a thick, 
red oil which gave the bright-blue color with SbCl, in chloroform, characteristic of vitamin A aldehyde (Carr- Price 
reaction); \ ay (C2H;OH) 380 my, € 25700, According to the ultraviolet absorption intensity the oil obtained 
was a 60% concentrate of vitamin A aldehyde, Further elution with ether gave a dark-red ofl (A;j,ax C2HsOH 
300 mp, € 13400) apparently consisting of conversion by-products, 


Vitamin A (V). To 70 mg of lithium borohydride in 25 ml of absolute ether, 0.45 g of the vitamin A al- 
dehyde (IV) concentrate, prepared above, in 20 ml of absolute ether was added during 1 hr, after which the reaction 
mixture was stirred for 2 hr at room temperature, then cooled with ice water, and 10 ml of 10% potassium hydroxide 
solution added, The ethereal solution was washed several times with water and dried with anhydrous sodium sulfate, 
After evaporating the ether in vacuo at room temperature there was obtained 0,4 g of a thick, yellow oil which gave 
an intense, blue color with SbCl, in chloroform; \ max (C2H;OH) 324 my; rh pa 804, The 6 -anthraquinone- 
carboxylic ester, obtained from it, had m, p, 119-121° after four crystallizations from acetone; \,,,y (C:HsOH) 
257, 329mp. According to literature data [4, 5] crystalline vitamin A has A,,9, (C2HsOH) 325mp; ll 1720; 


whereas its 6 -anthraquinonecarboxylic acid ester melts at 122°[\ ,.4,(C2HsOH) 328 and 225 my]. 


SUMMARY 


A new way to synthesize vitamin A, based on the condensation of 6 -ionolideneacetaldehyde acetal with 
ethoxyisoprene, is proposed, 
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Proceeding from the available 6-methoxytetralone (I), we synthesized A *-D-homoestradienol- 14€ -dione- 
3,17a (I) — an interesting example of steroid compounds with angular hydroxyl, 


6-Methoxytetralone (I) was reduced by the Birch method [1] to carbinol (II) [yield 77%, m. p, 73-74°; max 
(in alcohol) 276 my; log € 2,23}, which in turn was converted by Oppenauer oxidation to 6- methoxy-A***-hexalone 
(IV) [yield 94%, m. p. 45-47°; A max (alcohol) 239 mp; log € 3,98], Condensation of ketone (IV) with vinylmag- 


nesium bromide led to carbinol (V), which after hydrolysis gave the unstable 1-viny1-A1(*):5(19)_hexalone-6 (VI) 
°D 1.6304; A (in alcohol) 226, 321 mp;logé 4,01, 4,32], 


fe) OH 9 
Na, Oppenauer CH)>=CHMgBr 
alcohol 
CH,O CH,O CH,O 


(il!) 


(IV) 


OH 
CH,0 


(v) (vi) (il) 


Condensation of trienone (VI) with methyldihydroresorcinol in the presence of diethylamine gave hydroxy- 
diketone (II) [yield 25%, m, p. 207-209; Arnax (in alcohol) 306 mp, logé 4.43; 1703, 1639, 1613, 1580, 3450 em74y, 
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POLYMERS AND TRIMERS OF ALKYLMERCAPTOBORANES 
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We found that the interaction of diborane with mercaptans, taken in the ratio 1: 2, in an ether medium gives 
polymeric alkylmercaptoboranes, 


Diborane reacts with methyl mercaptan to form the solid polymer (CH,SBHg),, which Burg prepared earlier 
without using a solvent [1]. On treatment of diborane with ethyl or n-butyl mercaptan, followed by distilling off 
the ether, vitreous polymers of ethylmercaptoborane, (C2H;SBHg),, or n-butylmercaptoborane, (n-C,HgSBHg),, are 
obtained, On standing at room temperature polymers of ethylmercaptoborane and n-butylmercaptoborane are con- 
verted to the corresponding alkylmercaptoborane trimers, The ethylmercaptoborane trimer has b, p, 94-96° (1 mm); 
d?°, 0,9772; 1.5323; Found: Hcy 2.98, 2.90; B 14,37, 14.27%; M* 217.8; 220.2, Calculated: 
Hact 2-73; B 14,63%; M 221.9, The n-butylmercaptoborane trimer decomposes on distillation in vacuo; , 0.9376; 


1.5130, Found: Hact 2.17, 2.15; B 10,23, 10.32%; M 293.3, 294.9, Calculated: Hact 1.98; B 
10.60%; M 306.1, 


The solid polymer of methylmercaptoborane is stable on keeping, but on solution in tetrahydrofuran it is con- 
verted to the methylmercaptoborane trimer, b, p, 80-81° (1.5 mm); 1.0121; °D 1.5483. Found: 3.46, 3.37; 
B 17,80, 17.30%; M 182.5, 183.6, (CHjSBH2)3. Calculated: 3.34; B 18.10%; M 179.8, 


Alkylmercaptoborane trimers have considerable stability toward air and water, 
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We found that on treatment of n-propylmercapto(dimethylamino)borane with primary amines at 60-70° bis- 
(alkylamino)boranes, hitherto unknown, are obtained in high yields, 


(CHs)2N —BZ 


2RNH2 (RNH):BH -+ - C.H;SH -} (CH,)2NH 


R=n- i- C3Hs. 


n-Propylmercapto(dimethylamino)borane was prepared by treating (dimethylamino)borane with n-propyl mer- 
captan by the method which we described earlier [1]: b. p. 48~50° (13 mm); q™, 0.8706; °D 1.4701, Found: C 
46.43; H 10.64%; M 134.9, CsHy,NSB, Calculated: C 45,82; H 10.76%; M 131.1. 


Bis(n-butylamino)borane had b, p, 46-48° (2 mm); d?°, 0.7879; r°D 1.4306, Found: C 61,49; H 13.25; B 7.05%; 
M 147,9, CgH2:N2B. Calculated: C 61,56; H 13,56; B 6.93%; M 156.1, Bis{ isobutylamino)borane had b, p. 59-61° 

(9 mm); d?°, 0.7794; °D 1.4263, Found: C 61,26; H 13,33; B 7.23%; M 155.0, CgH):N2B, Calculated: C 61.56; 

H 13,56; B 6.93%; M 156.1, Bis(allylamino)borane had b, p. 62-67° (30 mm); 0,8181; 1.4520, Found: C 
58,31; H 10,38; B 8.92%, CgHygN2B, Calculated: C 58,12; H 10,52; B 8.73%. 


On heating above 150° bis(alkylamino)boranes are converted to N-trialkylborazoles, alkylamines being split 
off, 
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cover English translations appears at the back of this issue. 
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In the course of investigations of steroid-hormone synthesis we prepared 18-nor-D-homoequilenin methyl ether 
(IV) according to the scheme: 


The Grignard reaction of 6-bromomagnesiumnerolin (I) [1] with dihydroresorcinol methyl ether in a tetrahydro- 
furan medium ied to 3-(6"-methoxy-2"-naphthyl)cyclohexene-2-one-1 (II), The reaction of the latter with a 10- 
fold excess of maleic anhydride (120°, 30 hr) gave ketodicarboxylic acid (II), m. p. 180-183°; 2,4-dinitrophenyl- 
hydrazone, m, p, 142-144°, Found: N 10.12%, CoqH2409Ny. Calculated: N 10.22%, Decarboxylation of acid (II) 
in quinoline at 200° in the presence of copper chromite led to (IV), which was identified through the 2,4-dinitro- 
phenylhydrazone, m, p. 243-245°[2], Found: N 11.94%, Calculated; N 12.17%, 
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FIAN 

GDI 

GITI 

GITTL 

GONTI 
Gosenergoizdat 
Goskhimizdat 
GOST 

GTTI 

IL 


ISN (Izd. Sov. Nauk) 


Izd. AN SSSR 
Izd. MGU 
LEIZhT 
LET 

LETI 
LETIIZhT 
Mashgiz 
MEP 

MES 
MESEP 
MGU 
MKhTI 
MOPI 
MSP 

NII ZVUKSZAPIOI 
NIKFI 
ONTI 
OTI 

OTN 
Stroiizdat 
TOE 
TsKTI 
TsNIEL 
TsNIEL -MES 
TsVTI 

UF 
VIESKh 
VNIIM 
VNIIZhDT 
VTI 

VZEI 
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Phys. Inst. Acad. Sci. USSR 
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State Sci.-Tech. Press 
State Tech. and Theor. Lit. Press 
State United Sci.-Tech. Press 
State Power Press 
State Chem, Press 
All-Union State Standard 
State Tech. and Theor, Lit. Press 
Foreign Lit. Press 
Soviet Science Press 
Acad. Sci. USSR Press 
Moscow State Univ. Press 
Leningrad Power Inst. of Railroad Engineering 
Leningrad Elec. Engr. School 
Leningrad Electrotechnical Inst. 
Leningrad Electrical Engineering Research Inst. of Railroad Engr. 
State Sci.-Tech. Press for Machine Construction Lit. 
Ministry of Electrical Industry 
Ministry of Electrical Power Plants 
Ministry of Electrical Power Plants and the Electrical Industry 
Moscow State Univ. 
Moscow Inst. Chem. Tech. 
Moscow Regional Pedagogical Inst. 
Ministry of Industrial Construction 
Scientific Research Inst. of Sound Recording 
Sci. Inst. of Modern Motion Picture Photography 
United Sci.- Tech, Press 
Division of Technical Information 
Div. Tech, Sci. 
Construction Press 
Association of Power Engineers 
Central Research Inst. for Boilers and Turbines 
Central Scientific Research Elec, Engr. Lab. 


Cental Scientific Research Elec, Engr. Lab. - Ministry of Electric Power Plants 


Central Office of Economic Information 

Ural Branch. 

All-Union Inst. of Rural Elec. Power Stations 
All-Union Scientific Research Inst. of Metrology 


All-Union Scientific Research Inst. of Railroad Engineering 
All-Union Thermotech. Inst. 


All-Union Power Correspondence Inst. 


NOTE: Abbreviations not on this list and not explained in the translation have been transliterated, no further 
information about their significance being available to us. —Publisher. 
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